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A STUDY OF THE PROTEOLYTIC ACTION OF SPECIFIC 
ORGANISMS AND GROUPS OF ORGANISMS IN 
BUTTER MADE FROM GRADED CREAM* 


GEORGE SPITZER anv E. H. PARFITT 
Purdue University, Department of Dairy Husbandry, Lafayette, Indiana 


Much work has been done in the past concerning the factors 
involved in the deterioration of butter when held in storage. 
The earlier work had been directed mainly to the butter from the 
time it left the churn until the expiration of the storage period. 
Abnormal flavors which developed during storage, directed the 
attention of the investigators to the study of certain types of 
organisms or groups of organisms present in the butter which 
might be the cause of producing these abnormal flavors. 

Of the earlier investigators, Otto Rahn and co-workers (1) made 
an exhaustive study of the keeping qualities of butter. The 
butter for this study was taken from tubs as found in creameries; 
and bacteriological examinations were made to determine the 
kind and number of organisms. These butters were placed in 
cold storage and chemical and bacteriological analysis made when 
fresh and at regular intervals during the storage period. It was 
shown that there was an increase in amide (amino) nitrogen during 
storage, and the poorer the quality of butter at the end of the 
storage period the greater was the increase of amide nitrogen. 
There was apparently no correlation of the activity of the organ- 
isms and the depreciation of the quality of the butter. 

Fisher and Gruenert (2), although their work related to the 
keeping qualities of butter when antiseptics were added, found 
that the quality of the butter deteriorated in proportion to the 
increase of amide nitrogen. These butters were stored in a cellar 
of rather uniform temperature. The progress of protein hydrol- 
ysis was rapid but the final results were consistent and 
comparable. 


* Received for publication July 5, 1928. 
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In 1909 Rogers and Gray (3) studied the influence of acidity of 
cream and the flavors of butters. Very little was known at that 
time concerning the changes taking place in the chemical com- 
position of butter and the relation of these changes to the flavor 
and factors controlling them. In 1913 Rogers, Berg and co- 
workers (4) investigated the factors influencing the changes in 
flavor in butter during storage. These experimental studies 
involved the influence of the acidity of the cream, the presence of 
metals and bacteria, and the chemical changes of the proteins 
during storage. The experimental butters were kept in cold 
storage at —7°C. and analysis made when fresh and at periods of 
200 to 300 days. The proteolysis progressed in all stored butters. 
These workers found that bacterial enzymes in milk held in cold 
storage containing 18 per cent of salt gave evidence of proteolysis. 
The increase in protein hydrolysis was related to the deprecia- 
tion of the butter. 

The results of the foregoing investigations, which were limited 
to the butter made from the better grades of cream, suggested the 
advisability of studying the keeping qualities of butter made from 
sour farm-skimmed cream. In 1911-1916, O. F. Hunziker, 
formerly head of the Dairy Department, Purdue University, 
planned and outlined an extensive investigation in the pasteuriza- 
tion of sour farm-skimmed cream for butter making, and a study 
of the keeping quality of this butter during storage. The results 
were compared with the butter made from the same cream not 
pasteurized. These investigations extended over a period of 
five years, and the results of these investigations have been 
reported by Hunziker and Spitzer (5). The experimental work 
in these investigations included the bacterial study of the cream 
and the butter made from this cream, both pasteurized and raw 
cream. A chemical study of the butter and protein hydrolysis 
was made when the butter was fresh and at intervals during 
storage. During the five-month period that the butter was held 
in cold storage, there was a gradual increase in the soluble pro- 
teins. This increase was greater in the butter made from raw 
sour cream than in the butter made from pasteurized sour cream. 
The increase of the soluble proteins was closely related to the 
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quality of the butter as shown by the score, when the butter 
went into storage and at the end of the storage period. 

In 1923 Ferris (6) made an extensive investigation on the 
development of soluble proteins in cream and butter during 
storage. This work was a decided advance in the study of pro- 
tein hydrolysis. He made determinations of the soluble nitrogen 
compounds of the cream, and the corresponding butters when 
held in cold storage and in an ice box. The butters kept in cold 
storage showed an average increase in soluble nitrogen com- 
pounds of 1.2 per cent and the score decreased 2.7 points. These 
butters were made from gathered cream of only fair quality. 


OBJECT OF THIS INVESTIGATION 


The following investigations were outlined to study the cause 
of the depreciation of butter during storage, and to show the 
relations of what seemed to be the predominating factors influenc- 
ing the flavor and general quality of the butter when held in 
storage. 

1. The effect of inoculating pasteurized graded cream with 
proteolytic type bacteria. 

2. The study of commercial butter as found on the Indiana 
market and as manufactured by Indiana Creameries. 

3. The study of storage butter exhibited at the National 
Dairy Show, 1926, representing different sections of the American 
butter industry. 


THE EFFECT OF INOCULATING PASTEURIZED GRADED CREAM WITH 
SPECIFIC ORGANISMS ON THE QUALITY OF THE RESULTING 
BUTTER WHEN HELD IN STORAGE 


In the first part of our investigations, graded cream was used 
and inoculated with the following specific organisms: B. 
mycoides, B. liquifaciens, B. subtilis, B. mesentericus, B. amylo- 
bacter, B. butyricus, B. ichthyosmius, and B. proteus vulgaris. 

The cream used in these experiments was No. 1 grade of 
gathered cream, the acid content varying from 0.09 to 0.36 per 
cent, while the fat content ranged from 33 to 45 per cent. 

The cream was pasteurized in an open steam-jacketed vat at 
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temperatures varying from 148° to 155°F. and held for twenty- 
minute periods. It was then cooled to a temperature of 80°F., 
and divided into three equal portions; one portion served as a 
control and each of the other two were inoculated with 1000 cc. 
of a twenty-four-hour broth culture of the specific organisms. 
Five cubic centimeters of a twenty-four-hour culture were used 


TABLE 1 
Increases in soluble proteins as nitrogen not precipitated by phosphotungstic acid and 
nitrogen as peptones, and the description of the quality of the cor- 
responding butters after storage of 180 days 


NOT SALTED SALTED 
Sas | 5 Seg 5 
| 3 gee | 

B252| is 3 

1.07 | 1.35} Lardy, flat 0.90 | 0.81] Lardy, flat 
B. mycoides........ 1.46 | 3.23} Oily, flat, stale 2.05 | 2.19} Clean, flat 
B. liquifaciens..... 1.28 | 3.11) Flat 1.69 | 3.27} Clean, flat 
ee 1.32 | 1.96) Flat 1.78 | 3.05) Flat, greasy 
B, subtilis... 3.47 | 2.24) Flat, greasy 4.33 | 1.77) Flat, greasy 
B. mesentericus....| 1.43 | 2.18) Flat, greasy 2.14 | 2.10) Flat, oily 
ee 2.30 | 2.07| Flat, oily 2.38 | 1.94) Flat, greasy 
B. amylobacter..... 2.55 | 1.51] Musty, flat 1.82 | 1.89} Musty, flat 
B. butyricus........ 0.71 | 2.31) Flat, oily 0.60 | 3.05) Flat, oily 
i 2.18 | 4.36) Acid 1.82 | 4.30} Stale, oily 
B. ichthyosmius....| 3.02 | 6.34) Unclean, cheesy | 2.35 | 8.09) Stale, bitter 
B. proteus vulgaris.| 2.16 | 7.76} Stale, unclean 2.66 | 6.33) Cheesy, stale 


to inoculate the broth. All three portions were held at room 
temperature for sixteen to eighteen hours, then cooled to about 
55°F., and churned. One-half of the butter from each portion 
of cream was salted, and five one-pound samples were taken from 
each of the finished butters. The butter was examined for quality 
when fresh and at intervals of thirty, sixty, ninety, and one 
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hundred eighty days. All samples were held in cold storage 
during this period at 0° to 4°C. (32° to 39°F.). 

In the chemical analysis of the protein hydrolysis, we have 
used the methods of Spitzer, and co-workers (7). The chemical 
analysis consisted in determining the soluble nitrogen compounds 
not precipitated by phosphotungstic acid and nitrogen compounds 
not precipitated by saturated solution of zine sulphate. 

It will be noted from table 1 that protein hydrolysis proceeded 
in all samples of butter during storage. In discussing the results 
we must bear in mind that pasteurization does not destroy all 
organisms in the cream which will develop during ripening. In 
general, all inoculated butter showed a greater decrease in quality 


TABLE 2 
Average increase in nitrogen compounds not precipitated by phosphotungstic acid 
and in peptones in the uninoculated and inoculated butters 
after 180 days of cold storage 


NOT SALTED SALTED 
Per cent of Per cent of 
not not precipi-| p 
Per cent ‘er cent 
peptones peptones 
1.72 2.44 1.97 2.53 


than the controls or the not inoculated. The most pronounced 
changes in quality and protein hydrolysis were produced by 
the two proteolytic organisms, B. ichthyosmius and B. proteus 
vulgaris. 

The depreciation in quality was quite consistent with the 
chemical changes in proteins of the butter, there being an excep- 
tion in protein cleavage when cream was inoculated with B. 
butyricus. The nitrogen compounds were much less for B. 
butyricus than the control, while the peptones were consistent. 
This action may be accounted for as previously stated. A brief 
summary of results in table 2 clearly show the effect in general on 
the changes in the proteins made from the inoculated cream when 
compared with the control. 


Ld in 
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From this summary and the average cleavage products for 
butter made from cream not inoculated and from butter made 
from inoculated cream there is an increase of soluble nitrogen in 
the inoculated butter apparently in proportion to the decrease in 
quality. 


THE RELATION OF PROTEOLYSIS, HYDROGEN ION CONCENTRATION, 
AND KEEPING QUALITY OF INDIANA BUTTER 


A study was made of commercial butters as found on the 
Indiana market, and manufactured by Indiana creameries repre- 
senting every part of the state. Samples of butter were collected 
during the months of July, September, and November, 1926; 
and January and March, 1927. The samples consisted of one- 
pound cartoned packages of print butter and represented 40 
different brands of Indiana butter. The butters were purchased 
from the retailer at grocery stores and meat markets in many 
Indiana cities. The samples were then sent by mail, special 
delivery, to the Dairy Department of Purdue University. Upon 
receipt of the butter at the laboratory, it was held at a tempera- 
ture of 10°C. for about one day, until it was in proper physical 
condition to be sampled and scored. 

A total of 241 samples was collected and examined in this man- 
ner. The samples which scored 90 points or better were selected 
for the study of the proteolytic decomposition during a storage 
period of 180 days at a temperature of 10° to 0°C. Thirty-four 
samples were thus selected. Each of these samples was divided 
into equal parts. One part was used for immediate analysis, 
the other part was stored in Mason jars. At the end of the 
storage period, the butter was scored and analyzed again. In 
this manner, comparative scores and analyses were secured for 
the butters at the beginning and at the end of the storage period. 

The analytical work in this series consisted in determining the 
peptones and the soluble nitrogen compounds not precipitated by 
phosphotungstic acid. 

In discussing the depreciation of butter from the point of view 
of protein hydrolysis, we have found that there is an unmistakable 
relation between the peptones and nitrogen compounds not pre- 
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cipitated by phosphotungstic acid, and the depreciation of the 
butter during storage. 

In table 3 are tabulated the average increases in the peptones 
and the nitrogen not precipitated by phosphotungstic acid, and 
scores for each group of butter. These groups are in order of the 
season of the year in which they were collected. There was some 
increase in the soluble nitrogen compounds in November, January, 
and March. The butters which had the best keeping quality, 
were those of group C which were collected in November and those 
which decreased in score the most, were butters in group A 
collected in July, and butters in group E collected in March. 


TABLE 3 
The average increase in nitrogen compounds not precipitated by phosphotungstic acid 
and in the peptones, the average score of the butter when fresh 
and at the end of the storage period of 180 days 


PERCENTAGE 

INCREASE | 

oy | INCREASE | WHEN END OF | MONTH WHEN COLLECTED 

TUNGSTIC 

AcID 

A 1.79 1.10 90 88 2.0 July, 1925 
B 1.57 0.95 90.3 88.7 1.6 September, 1925 
Cc 2.08 2.25 90.5 89.3 1.2 November, 1925 
D 2.37 2.14 90.4 88.5 1.9 January, 1926 
E 2.40 2.51 90.1 87.1 3.0 March, 1926 


In recent years considerable attention has been given to the 
hydrogen-ion concentration of dairy products. This is also true 
in the bacteriological study of the growth, development and 
metabolism of organisms in different media. In biochemical 
study the control of hydrogen-ion concentration has become an 
important and decisive factor in regulating and controlling 
chemical reactions. 

We deemed it worth while to determine the hydrogen-ion 
concentration colorimetrically of those experimental butters. 
The method used to determine the pH of these butters was the 
dilution of 1:10 in neutral water, then determining the pH of the 
water. The determinations of the pH value were made when 


2 
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TABLE 4 


The pH value, increase in nitrogen not precipitated by phosphotungstic acid and 


decrease in score 


N NOT PRECIPITATED 
NUMBER pH BY PHOSPHOTUNGSTIC DECREASE IN SCORE 
AcID 
Group pH 4.5 to 5 
per cent per cent 
A 30 4.8 0.50 2.0 
A 40 4.6 1.80 1.0 
1.15 1.5 
Group pH 5 to 6 
B 33 5.8 1.79 1.0 
C 38 5.8 1.70 2.0 
C 45 5.9 2.02 1.0 
C 47 5.8 0.93 0.0 
D15 5.8 2.06 1.5 
1.46 1.0 
Group pH 6 to 7 
A 28 6.0 3.08 3.0 
B4é 6.0 2.05 1.5 
B 12 6.9 1.01 3.5 
Cc 10 6.6 1.80 0.5 
C 35 6.0 1.50 1.5 
D 26 6.0 2.44 2.5 
E8 6.27 4.30 4.0 
E 18 6.4 1.80 2.0 
2.25 2.3 
Group pH 7 plus 
B5 7.3 1.94 0.5 
B 16 7.2 2.05 1.5 
C3 7.6 2.29 2.0 
C5 7.6 1.90 1.0 
C8 7.0 4.29 2.0 
C13 7.4 1.25 1.0 
C 34 7.2 3.03 1.0 
C37 7.3 3.14 0.5 
D27 7.6 0.72 2.5 
D 24 7.6 2.78 1.5 
E3 7.2 2.22 4.0 
E7 7.4 1.70 2.5 
E 13 7.0 1.96 3.5 
2.25 1.80 
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butter was fresh before being placed in storage. Table 4 gives 
the pH value for 30 samples of the butter, also the increase of 
nitrogen compounds not precipitated by phosphotungstic acid 
and the decrease in score. The division into groups was made on 
the basis of the pH value, those butters ranging from 4.5 to 5, 5 
to 6, 6 to 7, and 7 plus. 

Table 4 shows some interesting and valuable information based 
on a limited number of samples of butter. When butter had a 
pH of 4.5 to 5 there was a decrease in score of 1.5 points, also an 
increase in nitrogen not precipitated by phosphotungstic acid. 
Having but two samples of butter in this group no important con- 
clusion can be drawn. When the butters had a pH of 5 to 6 the 
butter decreased in the average of the score 1 point, and the 
nitrogen compounds increased, 1.46 per cent. Butters having a 
pH of 6 to 7 decreased in the average score 2.3 points and in- 
creased in nitrogen not precipitated by phosphotungstic acid 2.25 
per cent and those butters having a pH 7 and higher, decreased in 
score 1.80 points, and increased in nitrogen not precipitated by 
phosphotungstic acid 2.25 per cent. 

There are some well established facts to account for the above 
results. It was shown in our previous work (7) on the study of 
the enzymes of specific organisms upon the proteins of milk, that 
the proteolytic changes are due to the action of enzymes. These 
enzymes are produced by proteolytic organisms and these en- 
zymes appear in the butterand continue their action duringstorage. 
Many enzymes are derived from various microérganisms, but we 
are concerned here principally with the proteolytic types. There 
are two important groups of proteolytic enzymes, the peptic and 
the tryptic. The survey of the literature indicates that the 
chemical behavior common to enzymes involves the increase or 
decrease of the activity by the variation of the pH value of the 
substrate. The optimum pH has been determined for a number 
of enzymes. Every enzyme has a zone of a greater or lesser 
activity. The pH value for the optimum activity of the peptic 
enzymes lies between 1.5 to 4.0, depending on the source of the 
enzyme, while the tryptic enzymes have a much higher pH value 
for greatest activity ranging from 6 to 8. Making use of these 
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principles, we can in a great measure explain or account for the 
changes in the protein hydrolysis in the butters as grouped in 
table 4. We must remember however, that the enzyme action 
progresses slightly on either side of the zone of optimum activity. 
Butters having a pH of 4.5 to 5.0, the pH value are not in the 
range of the tryptic enzyme action, but would be more in range 
of the peptic action, and as the pH value increases we would 
expect and do have a greater tryptic action on the proteins. 
There is a significant difference in the products formed by peptic 
and by tryptic enzymes. The peptic enzymes do not hydrolyze 
proteins beyond the peptone stage, at least not to a very large 
extent, while the tryptic enzymes produce in addition to peptones, 
amino acids or the simplest units of the protein. The nitrogen 
not precipitated by phosphotungstic acid represents the great 
portion of the amino acids formed during hydrolysis. The above 
principles concerning enzyme action are to a reasonable extent 
corroborated in table 4. 


THE RATE OF PROTEOLYSIS AND DECREASE IN FLAVOR OF STORAGE 
BUTTER AT THE 1926 DAIRY SHOW 


One of the classes for butter at the National Dairy Show is 
known as the ‘“‘Storage Butter Class.”” The butters came from 
all the leading dairy sections of the United States and Canada, 
and gave a very representative group as to methods of manufac- 
ture and conditions under which cream from buttermaking is 
produced. At the Dairy Show held in Detroit in 1926 this class 
was scored when entering storage in July and upon leaving storage 
in October. In this class were 183 packages of butter, the pack- 
ages varying in size from 10 pound boxes to 86 pound tubs. The 
object of this scoring was to determine which butter possessed 
the best keeping quality during the storage period. 

Samples for chemical analysis were obtained from one-half of 
the package at the first scoring and the other half at the second 
scoring. Three plugs of butter were removed from the package 
using a thoroughly wiped 12 inch butter trier, placed in glass 
topped Mason jars, and kept in cold storage at 0° to 5°C. till ready 
for analysis. 


| | 
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In this group only samples that scored 90 points or more when 
entering storage were analysed. The samples of butter were 
analysed when fresh and at the end of the storage period of 


TABLE 5 
The increase in nitrogen not precipitated by phosphotungstic acid, and in peptones 
during storage of the National Dairy Show butters and the 
score of the butter when fresh and after storage 


NOT 
= SCORE WHEN SCORE AFTER 
STIC ACID 
per cent per cent 
3 0.47 1.26 93.5 93.5 
5 0.64 0.13 92 90 
9 0.99 —0.40 90 90 
12 0.53 0.17 89 91 
24 1.18 0.94 94.7 93.5 
36 1.55 0.42 93.5 90.5 
39 0.65 0.06 91.5 90 
58 1.13 0.03 91 91.5 
64 1.31 1.09 93.5 93 
68 0.24 0.19 94 93.5 
79 0.30 1.27 93 92 
86 0.01 0.17 92 91 
90 0.68 1.89 92.5 93 
101 1.82 3.89 94 93 
107 0.89 3.80 93.5 92 
114 0.23 3.99 93.5 93 
121 1.42 1.16 94 93.5 
132 0.92 4.31 93.5 93 
145 0.88 5.69 93 93 
147 0.82 4.14 90 89 
150 0.44 1.37 90.5 90.5 
161 —0.16 1.79 92.5 92.5 
165 1.52 2.06 94 92 
172 1.03 —0.12 93.5 94.2 
176 0.12 3.38 93 92.5 
183 0.22 0.53 91 92 
184 —0.15 0.28 92.5 94 
185 1.15 —0.10 91 90 


ninety days. The following fractions of protein hydrolysis were 
determined: nitrogen compounds not precipitated by phospho- 
tungstic acid; nitrogen compounds not precipitated by saturated 
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solution of zine sulphate; and the peptones which represented 
the difference between the two precipitants. 

A study of table 5 shows that there were 28 samples of butter 
which during storage increased less than 1 per cent in nitrogen 
that was not precipitated by phosphotungstic acid, and that 
these butters lost but an average of 0.22 point in score. Where 
the loss of nitrogen not precipitated by phosphotungstic acid 


TABLE 6 
A summary, compiled from table 5, showing relation of change in score and in nitro- 
gen not precipitated by phosphotungstic acid 


INCREASE OF 
NITROGEN NOT 
TUNGSTIC 
ACID 
per cent 
6 0.97 
TABLE 7 
Summary, compiled from table 5, showing change in score and in peptones 
per cent 


was more than one per cent of which there were 28 butters, the 
average loss in score was 1.07 points. 

The relationship of nitrogen not precipitated by phosphotung- 
stic acid to the loss in score of butter is indicated in table 6 which 
is a summary table of table 5. 

A summary table 7 shows the relation of the increase in pep- 
tones to the gain or loss in score of butter during storage. 
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THE MICROBIOLOGICAL ANALYSIS OF THE STORAGE BUTTER OF THE 
1926 DAIRY SHOW 


Samples of butter were taken from one-half the package in 
June and from the other half in October. Sterile butter triers 
were used and the samples placed in sterile glass jars and held at 
0° to 4°C. until analyzed. 


Method of analysis 


The samples of butter were placed in a 40°C. water bath and 
allowed to melt until they were of the consistency of heavy 
cream. Five grams of this melted butter were weighed into 
45 grams of sterile water which had been previously warmed to 
37° to 40°C. Each sample was then agitated and dilutions were 
prepared on a volumetric basis. 

The total bacterial count was obtained by plating, using skim 
milk powder agar as described by Ayers and Mudge (8). Incu- 
bation was for five days at 20°C. followed by one day at 37°C. 
The acid type bacteria were obtained by plating, using skim milk 
powder agar as mentioned above, but to this medium was added 
1 per cent of lactose and 0.0016 per cent of brom cresol purple. 
Incubation of these plates was the same as for the total count. 
Acid organisms were those which caused the change of the indica- 
tor from purple to yellow. These plates and counts also served 
as a check for the total count plates. The non-acid forming 
group of bacteria was determined by subtracting the acid forming 
colonies on the plates from the total bacterial count. 

A group of bacteria termed proteolytic was determined by the 
liquefication of gelatine, even though we recognized that this 
characteristic of bacteria might not signify that they attacked 
casein. The liquefication of gelatine was taken as an index and 
used because of its convenience. The count was made after in- 
cubation of fifteen days at 20°C. 


Yeasts and molds 


This group was determined by growth upon acidulated whey 
agar after five days incubation at 25°C. 
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The data were tabulated to determine if growth of the micro- 
organisms took place in the butter during the cold storage 
period of approximately three months. The results are found in 
table 8. 

From table 8 it is shown that there was a slightly greater 
number of butters that showed increase in numbers of total, non- 
acid type, and proteolytic type bacteria while there was a decrease 
in the majority of butters in the acid types, yeasts and molds. 


TABLE 8 
Percentage of butters showing changes in numbers of microérganisms during storage 
ACID 
GROWTH | YEASTS | MOLDS 
TERIA BAC- 
TERIA | TERIA 
52.45 | 41.95 | 46.65 | 44.00 | 21.90 | 23.20 
EE ee 42.95 | 52.45 | 44.55 | 40.70 | 54.25 | 50.25 
4.60 | 5.60 | 8.80 | 15.30 | 13.85 | 26.55 


TABLE 9 
The change in score of 69 butters of the National Dairy Show of 1926 which upon 
entering storage contained more than 10,000 gelatine lique- 
fying type bacteria per gram 


CHANGE IN NUMBERS OF GELATINE LIQUEFYING 
BACTERIA 
NUMBER 
CHANGE IN SCORE 
Increased Decreased 
Number | Per cent Number | Per cent 
17 7 41.17 10 58.83 
16 4 25.00 12 75.00 
Loss of 0.5 point.............. 21 17 80.92 4 19.00 
15 15 100.00 0 0.00 


Tabulating the effect of increase or decrease of proteolytic type 
organisms upon the changes in score of the butter during storage 
it was found upon first analysis for proteolytic bacteria that there 
were 69 butters which showed 10,000 or more proteolytic bacteria 
per gram. Upon leaving storage in October, 15 of these 69 
butters had lost one point in score and had all increased in pro- 
teolytic bacteria during storage. Twenty-five per cent of those 
butters which showed no change in score increased in proteolytic 
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bacteria, while 75 per cent decreased in proteolytic bacteria 
during the storage period. The results are tabulated in table 9. 

The activity of those bacteria which liquefy gelatine in the 
butter reflects upon the change in score during storage, for as 
the score diminished the growth of these bacteria increased, 
especially is this true for the butters that decreased in score during 
storage. 

The salt concentration and its relationship to the growth of 
microérganisms in the butter was tabulated. It was found that 


TABLE 10 
The effect of salt on per cent of butters increasing in numbers of microdrganisms 
during storage 
oF saur ACID NON-aAcID | PROTEOLYTIC| YEASTS MOLDS 
0-5 70.00 50.00 70.00 60.00 40.00 40.00 
5.1-10.0 67.01 51.25 59.13 51.25 48 .62 30.22 
10.1-15.0 48.55 41.44 37.12 41.41 21.42 14.28 
15.1-20.0 15.79 15.79 15.79 36.84 5.26 21.05 
TABLE 11 
The initial score and pH values of the storage butter at the 1926 dairy show 
SCORE OF BUTTER AVERAGE pH SCORE OF BUTTER AVERAGE pH 
94 and above 5.81 90-91 6.01 
93-94 6.23 89-90 5.40 
92-93 6.26 Below 89 5.50 
91-92 6.17 


salt inhibited the growth of microdérganisms since the number of 
butters showing increases in bacterial growth during storage 
decreased as the salt concentration in the brine increased. 

The proteolytic group of microérganisms were inhibited the 
least by the percentage of salt in the brine of the butter, and yeasts 
were more sensitive than molds. There were but three butters 
whose salt concentration in brine exceeded 20.1 per cent and 
because of this small number they were not tabulated. 

The hydrogen-ion concentration of the 183 samples of butters 
at the Detroit Dairy Show of 1926 was determined before storage, 
and the average results are given in table 11. 
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The pH values were not considered in reference to the score of 
the butter after storage of ninety days. There was no consist- 
ency in the comparison of pH value and the score. Many of the 
samples of these butters increased in score during this period, 
irrespective of the pH value or protein hydrolysis. This con- 
dition may occur in many lots of butter made from pasteurized 
cream. In work done at this station (5), it was found, where 
cream was pasteurized at 185°F. and held in storage there was 
a gain in score during storage, and at the end of ninety days the 
butter gained in storage 0.85 points, but at the end of five months 
the score fell considerably below the initial score. Cream pas- 
teurized at 145°F. and held for twenty minutes gradually lost in 
score from the beginning of storage until at the expiration of 
five months; however, the final score was higher than butter 
made from cream pasteurized at 185°F. The initial lower score of 
butter made from cream pasteurized at 185°F. was due to the 
pronounced oily flavor and frequently, a slightly cooked flavor. 
This oily and cooked flavor became less marked during storage 
and in many cases entirely disappeared. 

Many samples of the National Dairy Show butters increased in 
score during the storage of ninety days for various causes. Had 
these butters been stored for one hundred eighty days there would 
have been undoubtedly a decrease in score. In our restricted 
study and application of the pH value for these butters, we find 
that the butters showing a high number of proteolytic type of 
organisms showed a greater increase in the pH value during 
storage than did butters with low numbers of proteolytic type 


organisms. 
THE PROTEOLYTIC CHANGES THAT OCCUR DURING THE STORAGE OF 
BUTTER AND THE EFFECT OF ITS QUALITY 


Inasmuch as we have limited our investigation to the proteoly- 
tic changes of butter during storage, we will confine our discussion 
to the facts involved in bringing about these changes and in 
consequence of this, the causes of the depreciation of the quality 
of the butters. 

In the first part of this investigation graded cream of fair 
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quality was used, part of which was inoculated with certain 
specific organisms. The results show a distinct difference in 
protein hydrolysis, especially when active proteolytic types of 
organisms were used. All stored butters showed some proteolytic 
changes during storage. It is well known that pasteurization 
does not destroy all the organisms nor theenzymes. Those organ- 
isms which survived, developed during the ripening of the cream 
and contributed, in a measure, proteolytic enzymes. The 
addition of the organisms to the pasteurized lots of cream have 
intensified the proteolytic action in the butter and have caused a 
distinct additional depreciation of the quality of the butter. 
There was a marked increase in protein hydrolysis for all lots of 
inoculated butter, except B. butyricus, which produced only a 
slight increase in soluble nitrogen not precipitated by phospho- 
tungstic acid, but an increase in peptones. The quality of all 
butter depreciated during storage; however, in addition to the 
lardy and flat condition of the control samples, the inoculated ones 
acquired additional defects such as unclean, flat, tallowy, oily, 
musty, cheesy, etc. It has been quite generally held that the 
salting of butter tends to preserve butter. The average increase 
of soluble nitrogen compounds for the control butters was, for 
unsalted butters 1.72 per cent as nitrogen not precipitated by 
phosphotungstic acid and 2.44 per cent peptone, while for the 
salted butter the corresponding increase was 1.97 and 2.53 per 
cent. The salted butter gave a slightly larger increase, 0.25 and 
0.09 per cent. For the inoculated butter, there was a slight 
increase of nitrogen not precipitated by phosphotungstic acid of 
0.09 per cent and a slight decrease of peptones of the not salted 
and salted butters. These comparative results show unmistak- 
ably that salt had little influence on the protein decomposition. 

Otto Rahn and co-workers (1) found protein hydrolysis con- 
tinued in stored butter having a brine concentration of 21.6 per 
cent of salt. When stored at —6°C. the salted butter increased 
64 per cent in soluble nitrogen not precipitated by phosphotung- 
stic acid, while the unsalted butter increased 36 per cent. At 
+6°C. there was a decided increase in soluble nitrogen in both 
salted and unsalted butter. 
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In the study of the microérganisms it was found that the pro- 
teolytic types were more resistant than the acid type, yeasts, and 
molds and that an increase in the proteolytic type during storage 
decreased the quality of the butter. The effect of the increase or 
decrease on the score of butters is significant, the summary of 
which is in close correspondence with the results of the proteolytic 
changes in these butters during storage. 

The two primary causes which increase or decrease the develop- 
ment of bacteria and other microbial organisms are temperature 
and reaction of the media or the pH value. For enzymes the 
same conditions cause an increase in activity or an inactivation 
or final destruction. This is a natural consequence inasmuch as 
all enzymes are elaborated by living cells. 

There is little doubt but that the protein hydrolysis of the 
butter during storage is due to the proteases derived from the 
organisms present in the cream and consequently in the corre- 
sponding butter. Fuhrman (9) reports numerous cases of undis- 
puted action of bacterial proteases, peptonizing casein and 
gelatin. Also in many instances the tryptic nature of the enzyme 
predominated. Most of this work had been done only in a 
qualitative manner so the results are therefore indicative rather 
than conclusive. Waksman (10) quotes numerous cases of the 
existence of bacterial enzymes and their proteolytic actions, 
peptic, tryptic, and ereptic and for a more complete hydrolysis 
the action of peptidase (erepsin) becomes manifest. Each of 
these groups of enzymes have an optimum pH value, the pepsin- 
ase in the acid region, tryptase and peptidase from near the 
neutral to a slight alkaline region. 

The effect of the pH value, which measures the degree of 
dissociation or the hydrogen ion concentration, is of greater impor- 
tance in its effect on the keeping qualities of butter than generally 
supposed. At certain pH values the proteins are less dissociated, 
show the least hydration, lowest solubility, and thus be least 
subject to enzymic action. This pH value may be the optimum 
one for enzyme action. 

Euler (11) in summarizing the present state of knowledge of the 
proteases of bacteria arrived at the following. All investigated 
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bacteria contain proteases, but concerning the number of these 
enzymes there is no agreement. The often expressed view that in 
many bacteria no peptidase occurs, may depend upon imperfect 
methods. In modern investigations it was found that by suitable 
acidity there is always peptidase action. In an acid solution it 
may on the contrary come to a standstill early in the region when 
pepsinase action was effected, for the action of the occurring 
peptidase is considerably weakened. It is apparent that we have 
at least two well defined groups of bacterial proteolytic enzymes, 
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pepsinase and tryptase. It must be noted, however, that the 
animal proteases have a narrower range of activity both as regards 
temperature and acidity, than the plant proteases which are 
quite active over a much greater range. 

The pH curves, given in figure 1, are taken from Lehrbuch d. 
Enzyme (12). They show that the degree of digestion or hydroly- 
sis has a minimum at the isoelectric point of the proteins pH 5. 
It also shows that there is a striking parallellism of the ionization 
of the proteins and the velocity of hydrolysis. 

From our experimental data (table 4) which showed that butters 
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which entered storage having a pH value of 5 to 6 lost 1 point, 
while butters which had a pH value of 6 to 7 and 7 plus lost 2.3 
and 1.80 points, respectively. From these data and from the 
discussion of the condition of proteins at the isoelectric point at 
pH 4.6, this would indicate that butters going into storage should 
have a pH of 5 to 6 to secure the maximum keeping qualities. The 
investigations cover only one of the many factors involved, but 
from our past work and that of others, the proteolytic changes 
in butter during storage are of primary importance and a control 
of the proteolytic hydrolysis contributes in a great measure to 
prevent loss or depreciation of the butters when stored. 
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THE USE OF CITRIC ACID AND SODIUM CITRATE IN 
STARTER CULTURES* 


HUGH L. TEMPLETON anv H. H. SOMMER 
Dairy Department, University of Wisconsin, Madison, Wisconsin 


The flavor of butter made from ripened cream is preferred by 
many consumers. The starters which are used for this purpose 
have been the subject of many investigations the main object of 
which has been to determine the factors that affect the flavor and 
aroma of the starters. The work of Rogers and Gray (1) and 
others has clearly shown the harmful effect of a high acidity on 
the keeping quality of butter, making it important to obtain the 
flavor and aroma at as low an acidity as possible. 

Among the numerous investigations on starters the work of 
Hammer (2) is of especial value to this paper since he worked with 
organisms that destroyed the citrates present in milk. In his 
researches he found two organisms usually associated with 
Streptococcus lacticus in commercial starter cultures. The two 
organisms which he named Strep. citrovorous and Strep. paracitro- 
vorous are capable of fermenting citrates and lactates producing 
volatile acids. Pure cultures of these organisms were found to 
produce an increased volatile acidity in milk if the citrie acid 
content was increased by the addition of citric acid in varying 
amounts, however the use of pure cultures was considered imprac- 
tical under ordinary commercial conditions. 

As far as the authors lave been able to ascertain the addition of 
citric acid or citrates to ordinary commercial starters has not been 
considered. 

The researches to be described in this paper were undertaken in 
order to study the effect of the addition of citric acid and sodium 
citrate on the volatile acidity produced in commercial starter 
cultures and also to give a comparison of cultures treated in such 


* Published with the permission of the director of the Wisconsin Agricultural 
Experiment Station. Received for publication July 9, 1928. 
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TABLE 1 


HUGH L. TEMPLETON AND H. H. SOMMER 


The destruction of citrates in the spontaneous souring of milk 


CITRATE CONTENT OF MILK 


Mer 
24hours | 48hours | 72hours | 96 hours | 120hours | 144hours | 168 hours 
0.197 
0.200 0.219 0.176 0.109 | 0.009 
1 0.195 0.213 | 0.172 0.103 | 0.006 
0.178 0.213 | 0.175 
0.194 
0.191 0.133 | 0.032 0.012 0.141 
2 0.187 0.127; 0.130} 0.009 0.143 
0.130 | 0.050 | 0.012 0.044 
0.203 0.251 0.083 
3 0.200 0.118 0.097 | 0.038 | 0.080 
0.200 0.121 0.025 | 0.078 
{| 0.197 0.028 
0.184 0.109 0.012 | 0.009 0.006 
4 0.184 0.106 0.012 | 0.006} 0.006} 0.006 
0.187 0.106 0.038 | 0.009 
0.175 0.026 0.003 | 0.009 
5 0.178 0.026 | 0.009 | 0.003 | 0.006 
0.178 0.029 | 0.006 
6 0.187 0.156 0.006 
0.187 0.156 0.006 
0.191 0.038 | 0.009 | 0.006 
7 0.187 0.038 | 0.006 | 0.006 
0.187 
0.187 0.071 
8 0.187 0.071 
0.184 
0.194 
9 0.187 (Whole milk) 
0.191 


Average of all determinations for the fresh milk 0.189. 
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manner with untreated ones in regard to their suitability for use 
in buttermaking. 

Before taking up these comparisons it was thought advisable to 
make a brief study of the amount of citric acid present in milk and 
the rate at which it disappeared as the milk was allowed to sour 
spontaneously or with pure cultures of organisms. Beau’s 
modification (3) of the method of Denige (4) was used. The milk 
was, unless otherwise noted, skim milk obtained directly from the 
separator in the University of Wisconsin creamery. The results 
obtained by allowing milk to sour spontaneously are given in 
table 1. 

As a check on the method 0.20 per cent of citric acid was added 
to sour milk in which the citric acid content had been found to be 
0.006. ‘Triplicate analyses on the treated milk showed 0.203, 
0.210, 0.207 per cent of citric acid which after the deduction of the 
control leave 0.197, 0.204, and 0.201 respectively. 

In table 1 it is interesting to note that in some cases the citric 
acid content apparently reached a minimum and then increased. 
After this phenomenon was first noticed, the analyses succeeding 
the apparent minimum were watched for difference in behavior. 
It was found that the solution after the addition of permanganate 
and decolorization with hydrogen peroxide was practically free 
from precipitate while warm, but upon cooling a fine white precip- 
itate formed. This substance behaved the same as the mercury 
dicarboxy sulpho-acetone, being soluble in HCl and then reacting 
with the KCN. This last reaction would indicate that mercury 
was combined with the unknown material. It was thought best 
not to try to identify this compound due to lack of time in which 
to prepare sufficient material of known purity to warrant complete 
characterization. 

In order to study the effect of pure cultures of bacteria upon 
the citric acid content oi milk, cultures of organisms were obtained 
from the Dairy Bacteriology department. These were used to 
inoculate sterilized milk made up from milk powder. The flasks 
were kept at 30°C. and samples were drawn at intervals for 
analysis, care being taken to prevent contamination when the 
samples were removed. The high citric acid content of the milk 
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was quite unexpected, but did not seem to affect the rate of 
disappearance. The results are shown in table 2. 

The reduction of the citric acid content by the culture of 
Strep. paracitrovorous was slight so that its contamination was 
suspected. A fresh culture was obtained from Prof. B. W. 


TABLE 2 
The destruction of citrates by various cultures 


CITRATE CONTENT OF MILK 


48 hours 96 hours | 144 hours | 192 hours 


2 paracitro- 


(. 
0.009 


0.007 | 0.000 
0.246 | 0.015 | 0.003 
0.012 | 0.003 
s lea 0.24 | 0.048 | 0.015 | 0.003 | 0.003 
0.050 | 0.012 | 0.003 | 0.004 
0.246 | 0.019 | 0.007 
0.017 0.009 
* Average. 
Hammer of Iowa and this was compared with the one used before. 
Results are given in table 3. 


These results show very clearly that the culture used previously 
must have contained some other organism. The destruction rate 
of citric acid is more nearly that given by Strep. citrovorous in 
table 3. 

Confirmation of these results was obtained at a later date 


NUMBER 
0.251 
0.242 0.162 0.147 | 0.147 | 0.156 
l Strep. citro- 0.245 0.162 0.147 | 0.147 | 0.144 
vorous 0.245 
0.248 
9.109 | 0.105 
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using pure cultures of the organisms. In table 4, the citric acid 
content of the milk is given at the intervals indicated, the acidity 
calculated as lactic acid and per cent of volatile acids when the 
destruction of citrates had ceased. The method of Hammer (loc. 
cit.) was used in the determination of the volatile acids. Two 
hundred and fifty cubic centimeters of milk were treated with 
15 to 16 cc. of a normal solution of sulphuric acid and then 
distilled with steam. One liter of distillate was taken and the 
acids titrated with N/10 alkali. In the determination of total 
acid 25 cc. of milk were taken so that the calculation of the per- 


TABLE 3 
The destruction of citrates by various cultures 


Fresh 
72 hours | 120 hours | 168 hours | 240 hours | 288 hours 


0.219 | 0.133 | 0.017] 0.003 


0.216 
1 | Strep. paraci- || 0.219] 0.097| 0.009| 0.003 
0.217 | 0.1157; 0.000 | 0.004 


vorous 0.194} 0.194] 0.172| 0.156) 0.165 


0.213 
2 Strep. paracitro-}| 0.216 | 0.197 | 0.187] 0.165 | 0.165 | 0.165 
0.160 | 0.181 | 0.147] 0.130 


* Note: Culture No. 2, table 2. 


centage of volatile acid was very simple. Six flasks each contain- 
ing one liter of milk were inoculated, three with each culture, and 
incubated at 30°C. Fifty cc. of milk was removed for analyses 
in order to leave as much as possible for distillation. In table 4, 
therefore each analysis represents one flask. Three portions 
from each flask were distilled. The acidity of the milk before 
inoculation was 0.21 per cent calculated as lactic acid. 

The figures in table 4 indicate that Strep. paracitrovorous 
produces a relatively greater amount of volatile acids due to the 
smaller total acidity whereas if one were to compare the titration 
figures in cubic centimeters of alkali used this difference is not 
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apparent. The total high acidity of the first culture of Strep. 
citrovorous would give a relatively lower volatile acidity, although 
the titration figures were somewhat higher than the others. 


TABLE 4 
The destruction of citrates by Strep. paracitrovorous and Strep. citrovorous and the 
production of volatile acids 
CITRIC ACID CONTENT ACIDITY 
ORGANISM After be 
Start Total rc 
72 120 168 centage 
hours | hours | hours of total 
0.207 36.64 
0.203 | 0.015 | 0.006 0.44 | 33.13 
0.207 32.57 
0.203 
0.208 37.96 
0.203 | 0.017 | 0.009 0.42 | 35.60 
0.203 34.31 
Strep. paracitrovorous........... 4} (0.205)* 
38.84 
0.013 | 0.015 0.44 | 32.43 
32.43 
24.54 
0.185 | 0.159 | 0.009 | 0.75 | 22.20 
24.89 
(0.205)* 
0.172 | 0.156 | 0.012 | 0.53 | 30.97 
33.62 
31.67 
Strep. citrovorous............... 
30.22 
0.175 | 0.161 | 0.026 | 0.52 | 28.01 
27.97 


* Average. 


The work on the citrate content and volatile acidity of milk 
soured spontaneously and by pure cultures of organisms was a 
study preliminary to the main object of this work which was to 
study the effect of adding citric acid and sodium citrate to the 
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commercial starter cultures as put out by the different companies 
engaged in such work. The work with the commercial starter cul- 
tures consisted of a comparison of the total and volatile acidities 
produced in untreated cultures and cultures treated with either 
citric acid or sodium citrate and later an organoleptic comparison 
of such cultures to determine their suitability for practical use. 


TABLE 5 
Total and volatile acid produced in sterilized milk by commercial starter cultures 
AGE OF CULTURE 
FLASK 48 hours 48 hours 48 hours 48 hours 
NUMBER 

Total Volatile Total Volatile Total Volatie Total Volatile 

acidity acidity | acidity acidity acidity acidity acidity acidity 

per cent per cent per cent | per cent per cent percent | percent per cent 

1 0.82 24.17 | 0.88 21.93 | 0.94 14.65 | 1.01 12.89 
2 0.75 27.02 | 0.84 21.38 | 0.94 15.02 | 0.99 13.69 
3 0.90 17.15 | 0.96 15.49 | 0.91 15.57 | 1.01 12.79 
+ 0.89 17.86 | 0.95 15.81 | 0.92 15.51 | 1.00 13.43 
5 0.83 17.66 | 0.92 15.58 | 0.95 13.58*| 0.98 13.59 
6 0.83 18.05 | 0.95 16.82 | 0.96 15.15 | 1.00 14.24 
7 0.90 17.93 | 0.99 13.23 | 1.02 13.15} 1.01 11.93 
8 0.89 18.26 | 0.99 12.51 0.98 13.61 1.00 11.91 
9 0.84 18.98 | 0.92 17.25 | 1.00 16.06 | 0.99 13.33 
10 0.84 18.76 | 0.89 16.72 | 0.97 16.50; 1.01 13.45 
ll 0.82 17.70 | 0.91 18.97 | 0.99 16.24 | 0.98 13.92 
12 0.84 17.10 | 0.88 19.14} 0.92 14.45*| 0.92 14.73 
13 0.85 18.08 | 0.88 17.94 | 0.93 14.32 1.00 15.66 
14 0.84 17.09 | 0.88 17.47 | 0.93 14.25 | 1.00 15.18 
15 0.84 18.71 | 0.88 19.30 | 0.93 15.12 | 0.99 14.85 
16 0.83 18.32 | 0.88 19.42 | 0.94 15.36 | 0.97 15.66 


* Steam connection broke after the acid had been aded to the milk which may 
account for the rather wide variation between 5 and 6, and 11 and 12. 


Eight different cultures were used supplied through the cour- 
tesy of four laboratories. These were prepared for use in the 
usual manner. In order to be sure that there would be a source 
for renewal in case any should become contaminated duplicates 
were carried in sterile milk. Cultures for analyses were kept in 
sterile milk for a time (tables 5 and 6) but later milk heated to 
approximately 190°F. for an hour was substituted. Into 500 cc. 
sterile Erlenmeyer flasks 300 cc. of milk were placed after heating 
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to the temperatures indicated and thoroughly cooled. The cul- 
tures in sterile milk were kept in 125 cc. flasks each containing 
about 60 cc. of milk. The transfers were made at intervals of 
one to two days depending upon the speed with which the analyses 
were completed, using about 2 per cent of inoculum. 

Analyses of these cultures were made as previously described for 
both total and volatile acidity. After the removal of the portion 


TABLE 6 
Total and volatile acid produced in sterilized milk with and without added citric acid 
by commercial starter cultures 


(0.2 per cent citric acid added to even numbered flasks) 


AGE OF CULTURE 
FLASK 48 hours 48 hours 48 hours 48 hours 
NUMBER 

Total Volatile Total Volatile Total Volatile Total Volatile 

acidity acidity acidity acidity acidity acidity acidity acidity 

per cent percent | per cent per cent per cent percent | percent | percent 

1 1.01 13.39 | 0.99 13.35 | 0.94 13.19 | 1.02 13.71 
2 1.08 22.84] 1.05 21.37 | 0.99 23.15 | 1.08 23.29 
3 0.97 13.44} 0.98 12.36 | 0.91 13.15 | 0.99 14.13 
4 1.03 21.19} 1.04 21.22 | 1.01 20.82 | 1.01 22.43 
5 1.00 13.13 | 0.95 13.08 | 0.94 13.75 | 0.99 15.91 
6 1.06 22.48 | 1.07 21.55} 1.01 21.71 | 1.05 24.50 
7 1.02 13.55 | 0.98 14.43 | 0.97 13.16 | 0.98 15.13 
8 1.07 21.04} 1.05 22.78 | 1.04 20.03 | 1.06 26.68 
9 0.98 15.77 | 0.92 14.65 | 0.89 16.03 | 0.94 15.10 
10 1.05 23.87 | 1.06 22.07 | 1.04 | 21.74] 1.10 21.80 
ll 0.98 14.43 | 0.96 12.82 | 0.95 13.71 | 1.02 14.81 
12 1.03 22.91 | 1.05 22.16 | 1.02 22.23 | 1.09 24.61 
13 0.97 13.37 | 0.97 12.70 | 0.93 15.31 | 1.01 14.09 
14 1.02 21.55 | 1.07 22.65 | 1.00 22.35 | 1.06 21.73 
15 0.99 13.13 | 0.95 14.91 | 0.90 13.25 | 1.01 13.03 
16 1.04 21.63 | 1.07 24.61 | 1.04 20.83 | 1.04 23.70 


for the inoculation of the freshly prepared milk the old cultures 
were kept cold until they could be distilled. Conditions were 
such that it was very difficult to carry on more than two distilla- 
tions at one time. This necessitated the keeping of some of the 
cultures overnight unless one could get the fresh milk ready for 
transferring cultures before noon. When this became possible 
due to the earlier arrival of the milk at the creamery analyses were 
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made daily. All incubation was done in an electrically heated 
and controlled incubator adjusted for 70°F. + 0.2°F. 

The first series of analyses, table 5, were made on sterilized milk 
to which nothing had been added. The second series, table 6, was 
sterilized milk to which 5 cc. of a solution of citric acid were added 
to one of each pair of duplicate flasks. The strength of the solu- 
tion was such that the citric acid content of the milk was in- 


TABLE 7 

Total and volatile acid produced in pasteurized milk with and without added citric 
acid by commercial starter cultures 

(0.2 per cent citric acid added to the milk in even numbered flasks) 


AGE OF CULTURE 
FLASK 48 hours 24 hours 48 hours 
NUMBER 
per cent per cent per cent per cent per cent per cent 
1 0.97 14.78 0.97 16.67 1.02 13.23 
2 1.07 22.36 0.97 25.11 1.10 19.31 
3 0.93 13.66 0.97 13.37 0.95 13.98 
4 1.03 20.28 1.03 20.49 1.06 19.73 
5 0.97 14.72 0.97 12.60 0.99 14.20 
6 1.02 23.05 0.97 20.89 1.05 20.79 
7 1.00 14.35 0.97 15.33 0.97 14.16 
8 1.06 21.93 0.93 28.06 1.05 23.02 
9 0.89 19.02 0.88 15.53 0.96 14.06 
10 0.96 27.33 0.90 26.28 1.07 23.42 
ll 1.05 14.78 1.02 15.65 1.00 12.69 
12 1.07 24.38 1.04 23.75 1.08 20.90 
13 0.95 14.20 0.99 14.04 1.01 13.46 
14 1.04 22.28 0.98 21.50 1.06 22.37 
15 0.95 13.13 0.98 13.42 0.99 15.83 
16 0.99 23.42 0.98 22.09 1.11 22.96 


creased two-tenths of 1 per cent. The third series, table 7, was 
similar to the second except the milk was pasteurized at 190°F. 
for one hour. In the fourth series, table 8, sodium citrate was 
substituted for the citric acid in a solution of equivalent citric 
acid content. In order to determine if there was any marked 
change in the volatile acid production with repeated transfers 
one culture was kept growing in milk to which citric acid was 


TABLE 8 
Total and volatile acid produced in pasteurized milk with and without added sodium 
citrate by commercial starter cultures 
(0.2 per cent citric acid added as sodium citrate to the milk in even 
numbered flasks) 


AGE OF CULTURE 
FLASK 48 hours 48 hours 24 hours 48 hours 
NUMBER 
Total Volatile Total Volatile Total Volatile Total 
acidity acidity acidity acidity acidity acidity acidity acidity 
per cent percent | percent | percent | per cent percent | percent | percent 
1 0.93 17.66 | 0.91 13.99 | 0.91 17.48 | 0.97 17.44 
2 1.06 22.51 | 1.06 20.92 | 1.00 25.02 | 1.05 25.08 
3 0.97 14.76 | 0.95 13.50 | 0.90 18.92 | 0.94 14.73 
+ 1.02 21.37 | 1.06 20.00 | 0.99 24.46 | 1.05 22.34 
5 0.97 12.93 | 0.95 14.72 |} 0.88 17.36 | 0.93 14.71 
6 1.05 19.52 | 1.05 21.33 | 0.97 23.97 | 1.02 21.77 
7 0.73 20.94 | 0.87 15.85 | 0.56 21.16 | 0.88 15.82 
8 1.03 22.94} 1.00 21.51 | 1.00 23.31 | 1.03 22.59 
9 0.93 14.40 | 0.92 17.33 | 0.86 19.41 | 0.97 16.89 
10 1.02 22.16 | 1.00 23.69 | 0.85 25.72 | 1.00 25.79 
ll 0.99 16.52 | 1.00 0.95 14.90; 1.01 13.93 
12 1.07 22.83 | 1.09 0.99 22.57 | 1.18 20.58 
13 0.98 14.36 | 0.99 14.67 | 0.94 15.88 | 1.00 14.00 
14 1.08 21.27 1.11 21.46 | 0.98 23.63 | 1.10 20.66 
15 0.98 13.09 | 0.98 15.66 | 0.94 14.47 | 0.97 14.87 
16 1.06 19.80 | 1.08 22.43 | 1.00 22.27} 1.05 22.09 
10C* 0.94 26.35 
24 hours 24 hours 24 hours 48 hours 
1 0.84 19.60 | 0.83 14.70 | 0.93 16.26 | 1.01 15.44 
2 0.95 24.66 | 0.97 20.67 | 1.04 19.44] 1.03 21.11 
3 0.90 15.62 | 0.89 15.37 | 0.90 14.58 | 0.97 13.48 
4 0.97 20.97 | 0.97 20.63 | 1.00 20.68 | 1.07 18.02 
5 0.89 14.76 | 0.86 13.54 | 0.93 15.37 | 0.99 15.22 
6 0.99 20.51 | 0.95 20.07 | 1.00 23.07 | 1.07 21.22 
7 0.73 18.12} 0.73 16.91 | 0.88 16.23 | 0.97 17.69 
8 0.75 23.68 | 0.82 25.28 | 0.80 22.52 | 0.94 
9 0.84 18.15 | 0.90 15.06 | 0.94 14.60 | 0.95 15.51 
10 0.91 24.54) 0.81 23.96 | 0.97 22.15 | 0.94 
ll 0.94 15.69 | 0.88 14.94 | 0.94 17.75 | 1.00 14.46 
12 0.97 25.77 | 0.95 21.89 | 1.02 24.19 | 0.95 
13 0.91 14.72 0.88 14.71 | 0.92 15.98 | 0.99 14.31 
14 0.95 22.27 | 0.93 21.82 | 1.00 20.83 | 1.10 20.13 
15 0.94 14.46 | 0.89 16.18 | 0.95 14.05 | 1.01 14.21 
16 0.98 21.81 | 0.95 25.45 | 1.02 19.50 | 1.07 20.57 
10C 0.88 24.67 | 0.90 24.98 0.92t | 25.07 


*10C a culture from flask no. 10 that was kept in milk to which citric acid was 
added (0.2 per cent) after other cultures were changed to milk having sodium 
citrate added. 

t Twenty-four hour culture. 
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added after the others had been changed to sodium citrate. The 
results are given in table 8.. 

Averaging all the results given in the previous tables, we find 
that 183 analyses of cultures grown in milk without any additions 
averaged 15.43 per cent volatile acids, 32 cultures grown in 
sterilized milk with 0.2 per cent citric acid added gave 22.42 per 
cent, 28 cultures grown in pasteurized milk with 0.2 per cent 
citric acid added averaged 23.10 per cent volatile acids and 
60 cultures grown in pasteurized milk with 0.2 per cent citric 
acid added as sodium citrate averaged 22.21 per cent volatile 
acids. From these figures it is evident that the addition of 0.2 per 
cent citric acid either as the acid or as its sodium salt increases 
the amount of volatile acids produced approximately 50 per cent. 

Examination of the cultures before making transfers showed 
that all of them produced very satisfactory curds before the 
addition of either citric acid or sodium citrate. The addition of 
the former tended to give a rather weak curd which would whey 
off if the culture was allowed to incubate for more than twenty- 
four hours. The sodium citrate treated milk gave just as good a 
curd as the original cultures before the addition of the salt. It 
was also noted that the citric acid cultures grown in sterilized 
milk showed a greater tendency to whey off than when they were 
grown in pasteurized milk. When such cultures were removed 
from the incubator as soon as possible after curdling was complete 
and thoroughly chilled, there was little if any difference between 
them and untreated milk that was handled similarly. 

Since starters are selected mainly by their flavor, it was thought 
advisable to have starter cultures representing the above treat- 
ments place by disinterested judges. This was done on two differ- 
ent occasions, four days apart. The first time there were six 
men from the dairy department staff and the second time five 
men, two from the resident staff, the extension worker of the 
department, the secretary of the Wisconsin Buttermakers’ 
Association and one of the inspectors from the Dairy and Food 
Commission. Scoring of the cultures was not requested in any 
case, only the indication of preference of the first three from 
among the four or five cultures that were prepared from each of 
the originals. 
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TABLE 9 
Selection of starter cultures treated with citric acid or sodium citrate and 


also untreated 
JUDGE'S NUMBER 
a 1 2 3 4 5 6 
1 FSC FSC FSC OSC Cc OSC 
A 2 FCA OSC CA FCA FCA FSC 
3 CA FCA OSC Cc CA FCA 
1 OSC OSC CA CA OSC Cc 
B 2 CA FCA OSC OSC CA CA 
3 FCA Cc FCA FCA Cc OSC 
1 FSC FSC OSC FCA Cc OSC 
Cc 2 OSC FCA FSC Cc FSC Cc 
3 FCA OSC FCA FSC FCA FCA 
1 OSC OSC CA CA CA OSC 
D 2 CA CA OSC OSC OSC FCA 
3 FCA Cc FCA C Cc CA 
1 FCA FCA OSC FCA Cc OCA 
E* 2 OSC OSC FCA OSC OCA FCA 
3 OCA OCA OCA Cc FCA OSC 
1 OSC FSC OSC FSC FCA OSC 
F 2 FSC OSC FSC OSC Cc FSC 
3 FCA Cc FCA Cc OSC FCA 
1 FCA FCA OSC Cc FCA CA 
G 2 OSC Cc FCA FCA OSC FCA 
3 CA OSC CA OSC CA OSC 
1 OSC FSC FSC FCA FCA OSC 
H 2 FSC Cc OSC FSC Cc FSC 
3 FCA OSC Cc Cc OSC FCA 
“Series E was the only one containing an old citric acid culture. 
Summary of above table 
FIRST SECOND THIRD NUMBER 
CHOICE CHOICE cuore | 
Fresh citric acid culture................. 10 ll 17 Ss 
Citric acid (two transfers) .............. 6 6 6 4 
a 1 1 3 1 
Fresh sodium citrate culture............. 9 9 1 4 
Old sodium citrate culture............... 17 15 10 8 
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In the groups presented on the first day there were six different 
treatments represented, the letters in parentheses being the 
abbreviations used in table 9, as follows: 


Control, (C) untreated milk. 

Milk to which 0.2 per cent citric acid had been added only at the 
time the culture was started (FCA). 

Milk that had two transfers with 0.2 per cent citric acid added 
each time (CA). 

Milk that had 0.2 per cent citric acid added for a number of 
transfers (OCA). 

Milk having 0.2 per cent citric acid as sodium citrate added the 
preceding day (FSC). 

Milk that had 0.2 per cent citric acid added as sodium citrate for 
a number of transfers (OSC). 


All the cultures were incubated at 70°F. for about twenty-four 
hours and were cooled before the selections were made. None of 
the cultures showed any appreciable amount of whey, all were 
free from gas and all were thoroughly shaken before the men were 
allowed to make their selections. The results of this are shown 
in table 9. 

Before the second judging, the culture that had been grown in 
citric acid was lost. To take the place of this culture in series E a 
fresh culture was prepared to which 0.4 per cent of citric acid was 
added. The cultures that had been grown through two transfers 
with citric acid added for the previous time were kept in series 
A, B, D and G and were transferred at the same time as the 
others. The same treatments with sodium citrate were used as 
for the previous time and also fresh cultures containing 0.2 per 
cent citric acid. The same symbols are used to show the addi- 
tions except that in series E the percentage of added citric acid is 
indicated. 

In table 10 judge number one was also number one in the other, 
while judge number two was number three before. The remain- 
ing three were not present at the time the first selections were 
made. 

Skim milk taken directly from the separator was pasteurized, 
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TABLE 10 
Selection of starter cultures 


8 JUDGE'S NUMBER 
a8 
5 1 2 3 4 5 
1 | FSC FSC FCA FSCt Cc 
A 2 | FCA Cc FSC FCA OSC 
3 | CA OSC Cc OSC FSC 
1 | OSC FSC OSC OSC OSC* 
B 2 | FSC CA Cc Cc Cc 
2 |CA Cc FSC CA FSC 
1 | FSC OSC* OSCt FSC Cc 
Cc 2 | osc FSC FSC OSC FCA 
3 | FCA Cc FCA FCA OSC 
1 | OSC OSC CA CA FCA 
D CA OSC OSC OSC 
3 | FCA Cc Cc CA 
1 | FCA0.4% | FCA0.4% | FCA 0.4% | FCA 0.4% | FCA 0.4% 
E 2 | FCA0.2% | FCA0.2% | C FCA 0.2% | C 
3 ;C Cc FCA 0.2% | C FCA 0.2% 
1 | FSC* FSC Cc FSC Cc 
F 2 | OSC OSC FSC OSC FSC 
3 | FCA FCA O8C FCA OSC 
1 | CA FCA OSC* FCA* Ct 
G 2 | OSC OSC FCA Cc OSC 
3 | FCA CA Cc CA FCA 
1 | OSCTt FSCt FSC FCA FCA 
H 2 | FSC Cc Cc Cc FSC 
3 | FCA FCA FCA OSC Cc 
* Indicates first choice in the entire group. 
+ Indicates second choice in the entire group. 
Summary of these results 
NUMBER 
Fresh citric acid culture 0.2 per cent.... 6 7 14 7 
Fresh citric acid culture 0.4 per cent.... 5 1 
Fresh sodium citrate culture............. 11 8 3 5 
Old sodium citrate culture.............. 10 12 6 8 
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cooled, inoculated with the different cultures and immediately 
after the addition of the chemicals to be studied incubated at 70° 
F. for eighteen hours. At the end of this time, the cultures were 
removed and well cooled. Examination showed practically no 
whey on any of the cultures and in only one instance was there 
any indication of a broken curd. All the curds were thoroughly 
broken up before they were submitted for inspection. 

At this time the judges were asked to indicate their first and 
second choice from among the entire group, as well as to place 
three in each series in the order of their preference. The results 
are given in table 10. 

It is interesting to note that in no case did any culture receive 
preference over the others by a majority of the men doing the 
placing. In series C the old sodium citrate culture was the first 
choice among the entire group for judge number two and second 
choice for judge number three. While three of the preferences 
were in series G, the cultures were all different. 

These results would indicate that the use of citric acid or 
sodium citrate with milk intended for starters produces very 
satisfactory results and in most cases the treated cultures were 
preferred to the untreated ones. 

The use of citrated starters in buttermaking will be discussed 
in another paper in which the initial score and the keeping 
quality of the butter made with treated and untreated starters 
will be presented. 


SUMMARY 


1. Under ordinary conditions the citric acid content of milk 
disappears in two to four days. 

2. If milk is allowed to remain after the disappearance of the 
citric acid and then analyzed by the method used, another sub- 
stance appears which behaves similarly to the compound formed 
by the mercury and citric acid. The nature of this material is 
unknown. 

3. The addition of either citric acid or an equivalent amount of 
sodium citrate to milk increases the volatile acidity produced by 
approximately 50 per cent and does not increase the total acidity 
more than 10 per cent. 
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4. In most cases and with different men, cultures to which citric 
acid or sodium citrate was added were preferred to the untreated 
ones from the same original culture. 

5. From this work and that to be presented later it would 
seem that as satisfactory results are obtained when citric acid or 
its equivalent of sodium citrate was added to the milk only at the 
time of inoculation as when the culture is carried in milk having 
these reagents added at each transfer. 

In conclusion the authors wish to express their thanks to the 
Charles Pfizer and Company, Inc. for giving the fellowship under 
which this work was done. The commercial cultures used were 
supplied by the Ohio Dairy and Food Laboratory, the Elov 
Ericsson Laboratory, the Dairy Laboratories of Philadelphia, and 
the Chr. Hansen Laboratories. The cultures were placed in order 
of their preference by Messrs. L. C. Thomsen, H. T. Sondergaard, 
H. C. Larson, A. T. Bruhn, C. W. Vilbrandt, L. Germain, L. L. 
Bishop, and W. B. Sarles. 
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A STUDY OF THE FACTORS AFFECTING THE GROWTH 
OF DAIRY HEIFERS 


PART II* 


C. B. BENDER anv J. W. BARTLETT 


Department of Dairy Husbandry, New Jersey Agricultural Experiment Station, 
New Brunswick, New Jersey 


INTRODUCTION 


In 1924 (1), this station reported on the factor of nutrition, with 
special attention to its effect on body weight and skeletal growth 
on 28 calves of different breeds which were divided into three 
groups according to the age at which they were weaned. 

The first group was weaned between thirty and forty days of 
age. The second group was handled similarly to group I, but the 
calves were weaned at forty to fifty days of age. The third group 
was weaned at thirty to forty days of age, as were the animals in 
group I, but black strap molasses was added to the ration during 
the greater part of the feeding trial. 

This experiment demonstrated that calves could be successfully 
raised on a dry grain mixture when weaned from a milk diet at 
from thirty to fifty days of age. However, from a study of the 
graphs, it could readily be seen that the calves of all breeds lost 
rapidly in weight normality and less rapidly in height normality 
until they were from sixty to one hundred and eighty days of age. 
After this period of rapid loss slow recovery was made in weight 
and height normality until at seven hundred and twenty days of 
age, 50 per cent of the heifers were normal or above normal in 
weight and 42 per cent were normal or above normal in height. 


PURPOSE OF EXPERIMENT 


Feeling that the ration as used in the preceding experiment 
although fundamentally sound was lacking in palatability and 
possibly in amounts of some of the amino acids essential for 


* Received for publication June 23, 1928. 
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growth, this problem was therefore further investigated to deter- 
mine, (a) the best possible ration to feed dry, which would produce 
100 per cent normality in calves at one hundred and eighty days 
of age, (b) to find the earliest age at which calves could be weaned 
from a milk diet, (c) to reduce the cost of raising calves to six 
months of age. 


METHOD OF PROCEDURE 
Animals used 


At first all purebred calves dropped in the Experiment Station 
herd were used. This proved very unsatisfactory because of the 
extreme variation in the age of the animals and because too many 
other factors were introduced which effected the successful inter- 
pretation of results. To overcome this, grade Holstein calves 
were secured from the Walker-Gordon Laboratories at Plains- 
boro, New Jersey. By so doing, groups could be used in which 
most of the animals were born on the same day or within one 
or two days of each other. The only drawbacks in using these 
animals were first. the comparison of Holstein grade measurements 
to the Eckle standards for purebreds and secondly 70 per cent 
of the animals had scours when secured for the experiment at the 
age of one week. 


Rations used and feeding method 


The calves used from the Experiment Station herd were left 
with their dams for thirty-six hours and then placed in individual 
pens where milk was fed three times a day in amounts varying 
according to the individual calf. Whole milk was fed alone for 
the first week. As the Walker-Gordon calves were usually one 
week of age when delivered, all calves were treated the same 
from one week until they were accustomed to the grain mixture 
and alfalfa hay, it being in front of them atalltimes. At twenty- 
one days of age a reduction was started in the whole milk feeding 
and the calves were allowed free access to water. At thirty days 
of age the whole milk was discontinued and the calves were sub- 
sisting on the dry grain mixture, alfalfa hay and water. 
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The grain was weighed into pails in the morning, placed before 
the individual calves and with the earlier group weighed amounts 
of alfalfa hay was placed in racks in the individual pens. The 
calves were allowed free access to water at all times. The 
following morning if any grain or hay remained, it was weighed 
back so that accurate feed records were kept. The calves were 
turned out in a lot for exercise unless the weather was very bad. 
The animals received the experimental feed until they were six 
months of age because the first six months of a calf’s life seems to 
be the most critical. Wood shavings were used for bedding be- 
cause there was less tendency among the animals to eat it. 


Measurements 


Weights and measurements were taken on the ninth, tenth and 
eleventh days of each period, the average of these three was con- 
sidered as of the tenth day. In measurement, the height at 
withers was the only one used in this experiment. 

Photographic measurements were also taken on the fifth day of 
each month so that a photographic history of each animal was 
recorded. These photographs were taken from a fixed point 
against a fixed background. The animals were in the same 
relative position for each picture and at the same distance from 
the camera. 

All weights and height measurements were compared with the 
normal growth figures developed by Eckles (2), and are expressed 
in percentage of the normal for weight and height. 


EXPERIMENTAL WORK 
Group I 


As milk was the normal diet for all animals until the dams 
forcibly weaned their offspring, it was thought that milk in some 
form should be included in the dry grain mixture. For this 
reason the following ration was used; 20 pounds of yellow corn 
meal, 10 pounds of wheat bran, 20 pounds of skimmilk powder, 
30 pounds of ground oats, 20 pounds of linseed oil meal, 1 pound 
finely pulverized steam bone meal, 1 pound of finely pulverized 
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limestone and 1 pound of salt. This combination of minerals 
will hereafter be designated as 3 per cent minerals. 

Thirteen animals were used in this group, all purebreds, 8 
being Holstein, 3 Ayrshires and 2 Jerseys. The curves were 
plotted by breed and then the final curve was plotted averaging 
the thirteen animals so that a more accurate comparison could 
be made with the grades which were used in the other groups. 
The animals on this ration had appeared thrifty, strong and 
consumed the grain mixture with apparent relish although they 
were subject to a cough which might have been due to the ration 
being too finely divided. 

The average height percentage at six months of age was 97.7 
and their weight percentage at the same age was 92.4. At 
three hundred sixty days of age they were 102.1 per cent 
normal for height and 114.2 per cent normal for weight. This 
showed that the animals fed this ration were not stunted in 
any way. The main drawback to this ration was the high 
price of skimmilk powder. 


Group II 


This group consisted of a purebred Holstein, one purebred 
Ayrshire and three grade Shorthorns. These animals were fed 
a ration consisting of 25 pounds of yellow corn meal, 37.5 pounds 
of ground oats, 12.5 pounds of wheat bran, 25 pounds of linseed 
oil meal, 3 per cent minerals and 2 cc. of 0.2 per cent hydrochloric 
acid per pound of grain consumed. The reason for using the 
hydrochloric acid was that it possibly might aid in the breaking 
down of the proteins during digestion. 

These animals averaged 96.2 per cent normal for height and 
93.5 per cent normal for weight at one hundred eighty days. 


Group III 


This group consisted of two grade Holsteins and was fed a 
straight cereal mixture of 25 pounds yellow corn meal, 37.5 
pounds ground oats, 12.5 pounds wheat bran, 25 pounds linseed 
oil meal and 3 per cent minerals. This group consumed more 
grain while on the experiment than any other group of animals 
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and at one hundred eighty days of age averaged 97.3 per cent 
normal in height and 97.4 per cent normal in weight. 


Group IV 


There were 19 grade Holsteins fed this ration but under different 
conditions so they will be designated as follows: IV A, IV B, IV 
C, IV D. They were all fed a grain mixture consisting of 25 
pounds yellow corn meal, 37.5 pounds ground oats, 12.5 pounds 
wheat bran, 12.5 pounds linseed oil meal, 12.5 pounds soluble 
blood flour and 3 per cent minerals. 

Group IV A received all the grain they could consume and good 
alfalfa hay. This group of seven animals averaged 100 per cent 
normal in height and 101.2 per cent normal in weight at one 
hundred eighty days of age. 

Group IV B consisting of four animals received the grain twice 
a day but in limited amounts and the alfalfa hay fed was of the 
poorest possible quality. This group averaged 91.8 per cent 
normal in height and 72.5 per cent normal in weight. 

Group IV C consisting of four animals received the grain once 
a day in limited amounts with the extremely poor hay and they 
averaged 95.1 per cent normal in height and 80.8 per cent normal 
in weight. 

Group IV D consisting of four animals received the grain in 
more liberal amounts than the two preceding groups, with the 
very poor hay, and they averaged 99.8 per cent normal in height 
and 88.6 per cent normal in weight. This grain mixture was 
again checked with six grade Holsteins using good, green Western 
alfalfa, and while the animals have only been on the straight grain 
mixture for four months, their curves are much better than those 
in group IV A. The animals at five months of age average 103.3 
per cent normal for height and 109 per cent normal for weight. 


Group V 


This group consisting of four grade Holsteins were on feeding 
trial at the same time as group IV A. They were fed a mixture 
of 20 pounds of yellow corn meal, 10 pounds of wheat bran, 35 
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pounds of ground oats, 15 pounds of skimmilk powder, 10 pounds 
of soluble blood flour, 10 pounds of linseed oil meal and 3 per cent 
minerals. They averaged 96.7 per cent normal in height and 
89.6 per cent normal in weight at one hundred eighty days of age. 


Group VI 


This group originally consisted of four grade Holsteins. Two 
of them were so weak that one died while on whole milk and the 
other died shortly after it was on the dry grain mixture. These 
animals were on feeding trial at the same time as groups V and 
IV A. The ration was same as that fed to group IV with the 


TABLE 1 
Tabulation of rations for direct comparison 

I Iv v v 
3 3 3 3 3 3 
20 25 25 25 20 25 
10 12.5] 12.5] 12.5 10 12.5 
30 37.5 | 37.5] 37.5 35 37.5 
20 0 0 0 15 0 
0 + 0 0 0 + 


addition of 2 cc. of 0.2 per cent HCl per pound of grain. The two 
surviving animals averaged 94.7 per cent normal in height and 
88.5 per cent normal in weight. 


DISCUSSION OF RESULTS 


Practically all of the calves on the dry grain mixture slowed up 
in weight growth the first ten days and sometimes this lag period 
lasted for the first thirty days on the rations. This was noticeable 
especially in rations I, III and VI. Rations II and IV showed 
the best weight curves. It would seem natural that there would 
be a slowing up in the rate of growth in weight due to the drastic 
change in feeding methods for at least the first month on dry 

The calves on ration I showed a tendency to scour at times 
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although it did not effect their general appearance. This lot 
of calves however, appeared to carry more flesh than any group 
of calves but from weight comparisons with other groups it 
appeared to be soft flesh. 

Group IV A was the best from almost every standpoint. In 
the first place the coats of the animals had a bloom and they 
showed the dairy temperament of older dairy animals. They did 
not have the beefy appearance of milk fed calves. They were 
well middled and consumed their ration with relish. These 
calves had a very hard flesh, and many good judges of calf weights 


TABLE 2 
Average total grain consumed, and increase in weight and height from thirty days to 
one hundred eighty days of age 
WEIGHT HEIGHT GRAIN 
pounds cm 

196.0 19.5 666.9 
182.7 18.8 645.7 
IV. A Holstein Grade 7................. 234.9 21.1 715.0 
IV. B Holstein Grade 4................. 147.0 17.7 503.2 
IV. C Holstein Grade 4................. 185.2 20.6 507.4 
IV. D Holstein Grade 4................. 197.6 24.1 621.7 
V. Holstein Grade 4.................... 212.4 19.9 535.3 


underestimated the weights of these animals from fifty to one 
hundred pounds while they were under six months of age. This 
group made an average daily gain in weight of 1.56 pounds for 
the one hundred fifty days on the dry grain mixture with a feed 
consumption of 2.92 pounds of grain per pound gain in weight. 
This group was the only one which averaged 100 per cent normal 
in both height and weight at one hundred eighty days of age. On 
the check group IV D, the animals came within 0.2 of 1 per cent 
of equaling the height percentage of the original group. The 
drop in weight percentage could easily be blamed on the poor 
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quality of hay consumed and also to the fact that they were 
limited to almost 100 pounds less grain than the IV A group. 

By consulting figure 4, a comparative value of the various 
mixtures may be worked out. According to that chart, IV A 
and IV D are the two best groups and both of those are using the 
same ration. 

Animals raised on dry grain mixtures do not seem to have their 
breeding powers lessened in any way nor do they seem to have 
their lactating powers diminished. One Holstein two years old 
made a world’s record for both milk and butter in class B. One 
Ayrshire stands second in the state in production and the others 
are milking on a par with daughters of the same bulls. 


CONCLUSION 


Calves can be successfully raised on a dry grain mixture after 
being weaned from milk at thirty days of age. On a sound dry 
grain mixture and alfalfa hay fed ad libitum these calves will be 
100 per cent normal for weight and height when compared to 
Eckles normal figures. A dry grain ration will cut the feed costs 
on raising calves to six months of age from twenty-five to fifty 
dollars depending on the feeding methods used. This method of 
feeding saves labor costs and does not harm the breeding or 
productive ability of the individuals. 
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Picture illustrating the photographic method of measurement used in all calf 
feeding work at the New Jersey Agricultural Experiment Station. Pictures are 
taken monthly with animals posed in the same manner each time. The camera is 
on a rigid support at a fixed distance from the object. 


. Horizontal lines appearing on the print to get height point perspective are 
scratched on the negative. 


4 
| 
(25436789012 167890 | 
a | 
t 
bd 
¢ | 
| 
| 


A STUDY OF THE EFFECTIVENESS OF SODIUM 
HYPOCHLORITE IN STERILIZING 
CREAMERY EQUIPMENT* 


E. L. FOUTS 


Department of Dairying, Oklahoma Agricultural Experiment Station, 
Stillwater, Oklahoma 


Milk centralizing and distributing plants in Oklahoma are 
required by law to pasteurize all milk intended for retail trade. 
The purpose of this law is to insure that safe milk of low bacterial 
content, and of relatively high keeping quality be supplied to 
the ultimate consumer. However, sanitary conditions in the 
plant may be such that milk of good quality and low bacterial 
content may be pasteurized according to law, and yet may be so 
recontaminated before being placed in the bottles, that the pur- 
poses of the law are entirely defeated. The recontamination 
may arise from such equipment as the sanitary piping, pumps, 
filters, or coolers with which the milk may come into contact 
before being bottled. All of these pieces of equipment may 
appear sufficiently clean to the casual inspector, and still may be 
important sources of recontamination. 

It has been known for years that steam or boiling water were 
very efficient as sterilizing agents. It has also been recognized 
that steam must be under pressure in order to accomplish com- 
plete sterilization. It is very difficult to sterilize a piece of equip- 
ment by simply turning the steam onto it from a steam hose 
because the surrounding air quickly absorbs the heat from the 
steam, and not enough heat is applied directly to the organisms 
present to destroy them. Due to the size of much of the cream- 
ery equipment it is impossible to use steam under pressure. 

The process of chemical sterilization is not new as it has been 
applied in other industries for many years. However its use 
with dairy equipment presents an entirely different problem. 
Dairy products absorb foreign odors readily, and for this reason, 

* Received for publication July 18, 1928. 
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care must be taken in the selection of a suitable chemical. One 
must be chosen that will kill the organisms present and still 
impart no flavor or odor to the product. This eliminates many 
chemicals from use in the milk plant. Many experiments on 
record show the attempts made to find a suitable material for this 
purpose. 

Sodium hypochlorite was found to kill the bacteria on the 
utensils if used in the proper manner, with the advantage that it 
imparted no flavor or odor to dairy products. It has the dis- 
advantage of decomposing rather rapidly when put into solution, 
letting the active ingredient, chlorine, escape into the air. This 
disadvantage has largely been overcome by a process used by 
manufacturers of commercial products for chemical sterilization. 
The process renders the chlorine partially inert until diluted with 
water, when ready for use. 

Considerable work has been done, using chemicals in cleaning 
and sterilizing milking machine parts and milk bottles. To the 
writer’s knowledge very little experimental work has been con- 
ducted dealing entirely with the sterilization of pumps, pipes and 
coolers with chemical in an effort to prevent recontamination 
from these sources after pasteurization. This paper will take 
up this phase of the work in detail. 


REVIEW OF LITERATURE 


Fellers and Dearstyne (1) concluded that “. . . . the use of 
sodium hypochlorite is the equal of steam in the sterilization of 
milk bottles and dairy utensils.’ Since sodium hypochlorite is 
relatively inexpensive, easy to use, and entirely harmless, they 
strongly recommend its use. 

Prucha (2, 3) delivered an address before the International 
Milk Dealers Association in which he stated that ‘‘A chemical 
that is fit for use with milk must be harmless. Hypochlorites 
fulfill this condition. Under certain conditions it is advisable 
to use chemical sterilizers for the sterilization of utensils. The 
usual simple procedure is to add the chemical to the rinse water 
and then thoroughly rinse the utensils.” 

Whittaker and Archibald (4) prepared a report dealing with 
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the sterilization of milk bottles at small milk plants and dairies. 
In part they wrote: “Experiments were conducted which showed 
that satisfactory results could be obtained by chemical steriliza- 
tion, provided the proper quantity of the chemical was used and 
the bottles completely submerged in the sterilizing solution.” 
In the report a diagram of a simple machine was shown, the pur- 
pose of which was to submerge the bottles in a chemical bath, 
making sure that no air bubbles were in the bottles thereby caus- 
ing imperfect sterilization. They (5) also showed the relative 
efficiency of methods of sterilization of milk bottles at pasteuriza- 
tion plants in Minnesota, stating in part that “‘A study of the 
results obtained in the sterilization of bottles using steam as 
compared with chlorine, indicates that chlorine is the more de- 
pendable as applied in routine practice. This is especially evi- 
dent in smaller pasteurization plants where manually operated 
apparatus is used.” 

It will be seen from the above references that in all cases chlo- 
rine disinfectants are very effective in the destruction of bacteria. 
Some forms of chlorine disinfectants have the disadvantage of 
decomposing rapidly when diluted with water, therefore solu- 
tions should be prepared as needed. 

In the last few years a number of commercial preparations 
have been placed on the market under various trade names, some 
in liquid form and others in crystals or granular form. 

It was the purpose of this work to study several of these com- 
mercial sterilizing agents collectively and to determine their 
value in the destruction of bacteria on creamery equipment. 
This experiment dealt with chlorine compounds and their use in 
sanitary piping, pumps, filters and surface coolers in order to 
prevent recontamination of pasteurized milk from these sources. 


PLAN OF EXPERIMENT 


This experiment was conducted in the college creamery under 
conditions found in the operation of a commercial milk plant. 
The market milk unit was selected as being suitable for the in- 
vestigation as it represented typical equipment found in milk 
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plants throughout the state. The milk unit included the fol- 
lowing equipment. 

200-gallon Cherry Horizontal Coil Pasteurizer 

Viking Milk Pump 

Sanitary Piping 

Chicago Filter 

Cherry Cone Cooler (water) 


Cherry Tubular Cooler (brine) 
Cherry Hand Bottler 


The method of handling the milk was as follows: The milk 
was dumped into the coil pasteurizer through a strainer cloth. 
It was tested immediately and standardized for fat. The milk 
was then heated to 145°F. and held for thirty minutes, after 
which it was cooled to 122°F. by running water through the coils. 
It was then pumped through the sanitary pipes and filter, over 
the small conical cooler and then over the large tubular brine 
cooler, to the bottler. 

The investigation was divided into two parts; namely: (a) 
the control part and (b) the experimental part. During the con- 
trol part of the work ordinary washing methods were used in 
cleaning the equipment. These methods consisted of scrubbing 
the equipment with a brush, using a hot alkali solution. The 
entire unit was rinsed with scalding water just before being used. 

The experimental part consisted of the identical washing 
methods described above, followed by a solution of the chlorine 
sterilizing compound which was prepared in the pasteurizing 
vat according to the directions of the manufacturers. The sides 
of the vat and the coil were thoroughly brushed with the solution. 
The solution was then passed through the pump, pipes, filter and 
over the two coolers. It was not rinsed from the equipment. 
After contact with the chlorine solution approximately ninety 
minutes elapsed before the milk was pumped through the unit. 

As a control measure the percentages of active chlorine in the 
sterilizing solutions were determined by means of the Nafis 
active chlorine tester. 

In order to observe the effect of chlorine sterilization of the 
equipment upon the bacterial count of the pasteurized milk, 
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samples were taken for bacterial analyses (a) from the vat after 
pasteurization and (b) from the trough of the last cooler after 
the milk had passed through the pump, pipes, filter and over the 


two coolers. 


TABLE 1 


Increase in bacterial contents of milk from the market milk unit cleaned by 
ordinary methods, and from the same unit similarly cleaned and 
then rinsed with a solution of hypochlorite 


1 54,700 3,000 4,000 2,000 
2 6,500 1,000 1,000 200 
3 32,000 500 1,000 1,500 
4 40,000 2,000 1,000 500 
5 5,000 1,000 1,000 500 
6 12,000 8,000 No increase 800 
7 26,000 600 1,500 700 
8 12,000 No increase 800 200 
9 4,000 400 2,000 1,000 

10 3,900 1,300 300 800 

11 4,000 1,000 600 3,500 

12 5,000 2,000 800 No increase 

13 3,300 13,000 800 1,000 

14 10,000 No increase 300 800 

15 No increase No increase No increase 200 

16 2,000 500 1,000 

17 4,000 300 10,000 

18 4,000 No increase 3,000 

19 13,500 100 No increase 

20 12,000 500 1,000 

21 7,500 1,000 700 

22 No increase 1,000 500 

23 2,500 1,000 800 

24 4,600 400 600 

25 5,100 500 300 

26 1,500 1,400 1,000 

27 7,300 1,000 200 

28 5,000 1,000 No increase 

29 3,800 1,000 300 

30 1,400 500 200 


Bacterial contents of the samples of milk were determined by 
the Agar plate method using nutrient agar as the media. One 
cubic centimeter samples were employed using dilutions of 
1:100, 1:1,000 and 1:10,000 from the original milk sample, using 
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sterile water. Data were obtained from these in accordance 
with standard bacteriological methods. Any increase in bacterial 
count was attributed to contamination, while passing through 
and over the several pieces of equipment. 


PRESENTATION OF DATA 


The data given in table 1, show the results obtained from the 
experimental work as outlined in the preceding pages. The 
commercial preparations are considered individually and their 
germ killing power noted. 

The original bacterial counts of the milk before passing through 
the milk unit following pasteurization, are omitted for brevity. 
However, of the thirty trials under ordinary washing methods, 
only two showed an increase of less than 10 per cent in bacterial 
numbers, while twenty trials showed an increase ranging from 14 
to 99 per cent, and eight trials showed an increase of over 100 per 
cent. The average increase was 74.8 per cent in bacterial 
numbers. 

When the hypochlorite solutions were used to rinse the equip- 
ment after it was cleaned by ordinary washing methods, about 
ninety minutes elapsed between the time of rinsing and contact 
of the unit with milk. After using hypochlorite solution No. 1, 
twenty-five trials showed an increase of less than 10 per cent in 
bacterial numbers, the average being a 10.4 per cent increase. 
When hypochlorite solution No. 2 was used as the rinse, twenty- 
seven of the thirty trials showed an increase of less than 10 
per cent in bacterial numbers, and only three above this per- 
centage, the average being an 8 per cent increase. Of the fifteen 
trials when hypochlorite solution No. 3 was used as the rinse, 
fourteen showed less than a 10 per cent increase. The average 
of trials when this solution was used, showed only 9.8 per cent 
increase in bacterial due to contamination from the milk unit, 
or from the breaking up of clumps of bacteria by agitation of the 
milk. 

It will be seen that in a large percentage of these trials, the 
pasteurized milk sustained an increase of less than 10 per cent in 
bacterial numbers while passing through the chemically treated 
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equipment. Such a control of bacteria in the equipment is con- 
sidered quite efficient. 

It will be noted in comparing the results given in table 2, ob- 
tained by ordinary washing methods, and those with additional 
use of a commercial hypochlorite solution, in sterilizing milk 
plant equipment, that over 85 per cent of contamination of pas- 
teurized milk was prevented. 


TABLE 2 
Comparison of ordinary washing methods with the results obtained by an additional 
chemical rinse with commercial sodium hypochlorite solutions 


AVERAGE | COUNT 
NUMBER OF TRIALS BACTERIAL COUNT AFTER 
PASTEURIZATION EQUIPMENT 
per cent 
30 None 12,560 21,913 74.8 
30 1 12,300 13,583 10.4 
30 2 11,866 12,823 8.0 
15 3 9,086 9,986 9.8 
TABLE 3 
Active chlorine in the rinsing solutions prepared from commercial hypochlorite 
solutions used 
PARTS OF ACTIVE CHLORINE PER MILLION 
Range Average 
1 15 45-50 48 
2 15 47-52 50 
3 8 50-54 51 


An indication of the strength of solutions used in this experi- 
ment, as determined by the Nafis Active Chlorine Tester, is 
shown in table 3. The solutions were checked for active chlorine 
in half of the trials to make certain that the proper chlorine 
strength was being obtained in the rinsing solution. The ex- 
treme range in concentration of active chlorine used, was found 
to be 45 to 54 parts per million. 

It may be seen that the solutions prepared in a definite manner 
as directed by the manufacturer, made from fresh chemical, will 
yield a rinse of practically constant chlorine content. 
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DISCUSSION OF RESULTS 


Although little work has been done on exactly the same prob- 
lem studied here, these results agree closely with those obtained 
by other investigators. Any differences that occur between the 
results of this work and others, may possibly be attributed to the 
work being carried on under different conditions. It will be 
noticed that the bacterial counts are relatively high in this in- 
vestigation as compared with work done by others. This may 
be due to the work being conducted during the hot weather of 
the late summer when the raw milk received was very high in 
bacterial content. However, the results are comparative and 
serve to show the effect of chlorine sterilizing agents. 

For the benefit of those who might wish to make use of the 
results obtained, it may be said that the dilutions of the chemi- 
cal sterilizing agents were prepared exactly as recommended by 
the manufacturer of each product. 

The strength of the solutions used, as checked by means of the 
Nafis Active Chlorine Tester, were found to range between 
45 and 54 parts of active chlorine per million parts of solution. 

It was seen that ordinary washing methods do not accomplish 
sterilization. Milk passing through equipment cleaned by these 
methods, is heavily recontaminated. The additional use of 
commercial hypochlorite solutions for rinsing the milk plant 
equipment was found in the majority of trials to minimize the 
increase in bacterial content of pasteurized milk due to contact 
with the equipment. In 86 to 97 per cent of the trials observed, 
the increase in bacterial count was less than ten per cent, per- 
haps partly due to breaking up of clumps of bacteria by agitation 
of the milk. 


CONCLUSIONS 


1. Ordinary washing methods followed by a rinse of scalding 
water do not sterilize dairy equipment. 

2. Sodium hypochlorite is effective as a sterilizing agent for 
dairy equipment when used in the proper strength. 

3. The sodium hypochlorite products used, were effective when 
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prepared according to the directions furnished by the manu- 
facturers, and providing a minimum of 45 parts of active chlorine 
per million parts of solution. 

4. The bacterial count of milk after pasteurization can be held 
to a 10 per cent increase, from the pasteurizer to the bottle by 
the use of sodium hypochlorite in sterilizing the equipment. 


The author wishes to acknowledge sincere appreciation to Pro- 
fessor A. C. Baer, Head of Dairy Department, Oklahoma Agri- 
cultural and Mechanical College, for assistance in formulating 
plans for this experiment, and to Dr. R. B. Becker, Oklahoma 
Agricultural and Mechanical College, for helpful suggestions and 
constructive criticism of the manuscript. 
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THE RELATION BETWEEN WEIGHT AND FAT PRO- 
DUCTION OF GUERNSEY CATTLE* 


CHARLES W. TURNER 
Department of Dairy Husbandry, University of Missouri, Columbia, Missouri 


A study of the relation between weight and fat production 
of Register of Merit Jersey cows has already been reported (1, 2). 
It was shown that within the weight range included there was an 
increase of 104 pounds in fat production per year for an increase 
of 100 pounds of body weight. However, when the age was 
made constant, there was an increase of only 20 pounds of fat 
for each 100 pounds of body weight. From this it was concluded 
that an increase of body weight contributes about 20 per cent to 
the total increased fat yield with age while the other 80 per cent 
of increased fat yield with age was due to other factors accom- 
panying increased maturity. 

Through the coédperation of Guernsey breeders, the American 
Guernsey Cattle Club has obtained body weights of more than 
2700 animals with Advanced Register records. These data in- 
clude both actual and estimated body weights at the completion 
of official records. A short report of these data has been pub- 
lished (3). While the number of records is limited it was be- 
lieved to be a representative population of such animals. It 
was, therefore, thought desirable to make a study similar to that 
reported on the Jerseys. Through the kindness of Mr. C. M. 
Cummings of the Advanced Registry Division of the American 
Guernsey Cattle Club, the writer was furnished a copy of the 
original data. 

For purposes of comparison with similar data already reported, 
it should be noted that the age for the Jerseys was reported at the 
commencement of the test, whereas in this case the age was 
taken at the close of the test. Thus while the weights for both 
breeds were taken at the close of the test, in the case of the 
Jersey, the age at the beginning of test was given while in the 
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case of the Guernsey, the age is given at the close of the test. 
The three- to four-year-old cows in this study are comparable 
with the two- to three-year-old Jersey cows. 


ANATOMICAL RELATIONS 


The secretion of milk and fat by the dairy cow is regulated by 
many factors. The mass of secretory tissue in the udder is of 
utmost importance. While it may be possible for the rate of 
secretion by a given mass of secretory tissue to vary to some 
degree, there are probably fairly definite upper limits in this 
regard. Thus the final limiting factor in regard to the total 
milk and fat produced in a stated period of time must be the 
amount of secretory tissue, the amount of storage space in the 
udder, and the frequency of removal of milk. 

A second factor concerned with milk secretion is the volume 
of blood passing to the mammary glands. In thin cattle Trow- 
bridge, Moulton, and Haigh (4, 5) found that about 5 per cent of 
the live weight consisted of blood. While the blood supply may, 
therefore, be considered to bear a fairly definite relation to live 
weight, it does not necessarily mean that it is always made 
available to the mammary glands in the same proportion. The 
vascular system of the udder is on a branch which periodically 
fluctuates greatly in respect to the volume of blood passing 
through it. 

A third factor which should be mentioned is the ability of the 
cow to consume and digest large quantities of feed. Until 
accurate data are at hand, it seems logical to assume that there 
is a relation between size (body weight) and this ability. 

In conclusion it may be noted that when a large body is 
associated with small mammary glands, the usefulness of the 
animal as an economical producer of milk and fat would be 
limited by the amount of secretory tissue and storage space for 
the milk. When a small body is associated with large mammary 
glands (assuming a large amount of secretory tissue and storage 
space for the milk) it is probable that the supply of precursors of 
milk in the blood is the limiting factor. The cows in this latter 
class would more nearly show the importance of live weight in 
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connection with milk secretion, whereas the former would not. 
These differences should be considered in studying the results. 
LIVE WEIGHT AND YEARLY FAT PRODUCTIONS 


It has been shown (1) in the case of the Jersey cow that from 
the age when milk secretion usually begins (two years) to the 
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Fig. 1. Tae Increase oF YEARLY Fat SecreTIOoN with INCREASE IN AGE AND 
Live Wereut GuERNSEY CATTLE 

The line passing through the observed values was fitted by the method of least 
squares. With the determinations of the parameters, the equation takes the 
form F = 0.77W — 304.73 in which F is the yearly fat production for any live 
weight W. This equation indicates that with an increase of 100 pounds in live 
weight accompaning age there is an increase of 77 pounds of fat per year above 
304.73 pounds. The corresponding equation for the Jersey breed was F = 
1.042W — 472.32. 


age when maximum body weight is reached (about eight years), 
increase of yearly fat production and increase of body weight 
with age follow the same exponential course. The same was true 
of the change in fat production with age in the Guernsey breed. 
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Recently (6) the writer presented data indicating that the course 
of growth in weight of Guernsey cows could also be represented 
by an exponential equation. The similarity of the two equations 
is apparent. 


Weight = 1130 (1 — e~*-##) 
Yearly fat production = 532 (1 — e~*-) 


In this equation e is the base of natural logarithms, and ¢ is 
the age. As growth in weight and increase in yearly fat pro- 
duction follow the same course with age there should be a directly 
proportional relation between the two factors. That this is 
indeed true is shown by figure 1 which has been plotted from the 
data in table 1. The line passing through the points was fitted 
by the method of least squares. The equation obtained was of 
the form 


FP =0.77W — 304.73 


in which F is the yearly fat production for any live weight W. 
This equation indicates that with an increase of 100 pounds in 
live weight accompanying age there is an increase of 77 pounds 
of fat per year above 304.73 pounds. 

The corresponding equation for the Jersey breed was 


F = 1.042W — 472.32 


These equations indicate first that on the average there is a 
greater increase in yearly fat production for 100 pounds increase 
in live weight in the Jersey than in the Guernsey breed. The 
equation further indicates a possible theoretical weight at which 
this relation starts. If the relation extends below the observed 
weights, it would mean that milk secretion should be initiated in 
Guernsey cattle when they reach about 300 pounds, whereas the 
corresponding weight for Jersey heifers to be able to start milk 
secretion should be about 470 pounds. While milk secretion can 
be induced in heifers with recurring oestrous cycles, the quantity 
is very limited until well along in pregnancy. Until further 
data are at hand, it seems better to suspend judgment in regard 
to this point and apply the equation only within the weight range 
observed. 


ON 


AN 


sq] 
067 


(M) OAT] 


19d uoyonpoid yo spunod og jo 04} us Aq poraed 
-m10008 st Apoq JO 943 UT Spunod QOT JO UB oq 41 ‘SoUT] 94} UO D Jo 
M? = 943 JO oy} sorenbs Jo poqjou oy} Aq o10M paAsosqo oy} Burssud 

(LNVISNOD ADV) ADY SAOIUVA AOA LHDIAM ONISVAYONT HLIM NOILAUOGG NI AHL ANV Z 


(M) WORM 


Z 


st 


xo 
|e 


(J) 


OO” 
00S 
OVS 
08s 
009 


§ $ 2 


(J) 


43 


PT 
CC 
| 
PT TT PIN TT TT 
| 
TON TTT PN 
LITT TTT 4 
= q 


66 CHARLES W. TURNER 


THE INFLUENCE OF WEIGHT ON FAT PRODUCTION AT CONSTANT AGE 


The study of the relation between weight and fat production 
considers only two of the three factors concerned in the problem. 
The factor of age also requires study. As age increases, there 
are recurring pregnancies which cause further growth of the 


TABLE 2 
Relation between weight and fat production at constant age 
Age, 3 to 4 years 


| SOMBER OF PRODUCTION | MEAN YEARLY STANDARD COEFFICIENT OF 
EQUATION 
pounds pounds pounds 
725 12 406.7 | 404.5 +13.35 | 68.50 + 9.41 | 16.93 42.25 
775 19 417.7 385.2 +10.80 | 69.53 + 7.60 | 18.05 +2.03 
825 61 428.7 | 426.1 + 6.48 | 75.00 + 4.58 | 17.61 +1.06 
875 81 439.7 | 426.7 + 7.04 | 94.00 + 4.98 | 22.26 +1.22 
925 166 450.7 459.0 + 4.40 | 83.25 + 18.13 +0.69 
975 193 461.7 488.2 + 4.10 | 84.50+ 2.90 17.31 +0.59 
1,025 196 472.7 475.8 + 3.52 | 84.25 + 2.87 | 17.71 +0.60 
1,075 157 483.7 494.5 + 4.75 | 88.25 + 3.36 | 17.84 +0.67 
1,125 141 494.7 | 491.8+ 4.39 | 77.25+ 3.10 | 15.71 +0.62 
1,175 51 505.7 | 504.34 8.19 | 86.75 + 5.79 | 17.21 41.17 
1,225 44 516.7 504.0 + 8.74} 86.00 + 6.18 | 17.06 +1.26 
1,275 12 527.7 537.5 416.84 | 86.50 +11.91 | 16.09 +2.25 
1,325 ll 538.7 503.5 415.13 | 74.25 +10.68 | 14.74 +2.05 
1,375 4 549.7 | 556.0 
1,425 1 560.7 512.5 
Total 1,149 


* Equation fitted by the method of least squares F = 247.2 + 0.22W where 
F is the yearly fat production (pounds) and W is live weight at the close of the 
lactation. 


mammary gland epithelial secreting tissue. With age also there 
is increase in live weight. To more accurately determine the 
effect of live weight alone on yearly fat secretion, the relation be- 
tween these two variables should be studied holding age constant. 

In the two year old group, for example, it is practically certain 
that the mammary glands of all the animals included have only 
been developed by a single pregnancy. Differences in production 
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within the group may be largely ascribed to differences in live 
weight, although other factors may not be entirely ruled out. 
If, then, comparisons are made between two year old cows and 
three year old cows at a constant weight, say 1100 pounds, the 
differences may be ascribed chiefly to differences accompanying 
age aside from weight. The increased production is thought to 


TABLE 3 
Relation between weight and fat production at constant age 
Age, 4 to 5 years 


EQUATION® 
pounds pounds pounds 
725 5 444.6 | 507.0 
775 3 453.6 | 579.2 
825 10 462.6 | 436.0 +16.37 | 76.75 +11.58| 17.60 +2.64 
875 14 471.6 | 487.5 418.25 | 101.25 +12.75| 20.79 +2.65 
925 55 480.6 | 478.9+ 8.00} 88.00+ 5.66] 17.67 +1.12 
975 60 489.6 | 482.5+ 6.90 | 79.25+ 4.88] 18.03 +1.14 
1,025 87 498.6 | 505.6+ 6.98 | 96.50+ 4.93] 16.42 +0.84 
1,075 77 507.6 | 528.5 + 7.84 |102.00+ 5.55} 20.85 +1.13 
1,125 74 516.6 | 518.9 + 6.96 | 88.75 + 4.92| 17.29 +0.97 
1,175 47 525.6 | 548.1+ 8.56| 87.00+ 6.05| 15.87 +1.07 
1,225 36 534.6 | 508.5 +11.52 | 102.50 + 8.15] 22.01 +1.83 
1,275 21 543.6 | 545.9 415.57 | 105.75 411.01] 19.37 +2.05 
1,325 13 552.6 | 543.3 +22.45 | 120.00 +15.87] 22.08 +3.17 
1,375 2 561.6 | 470.0 
1,425 3 570.6 | 587.5 
1,475 0 579.6 
1,525 1 588.6 | 662.5 
Total 508 


* Equation fitted by the method of least squares F = 314.1 + 0.18W where 
F is the yearly fat production (pounds) and W is live weight at the close of the 
lactation. 


be a measure of the effect of a second pregnancy in stimulating 
further growth of mammary gland tissue. 

The results of the tabulation are presented in tables 2 to 5 
inclusive, and figures 2 and 3. The lines passing through the 
observed points were fitted by the method of least squares. 
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The equations obtained were as follows: 


Age 3 to 4 years F = 0.22W + 247.2 
Age 4to 5 years F = 0.18W + 314.1 
Age 5to 6 years F = 0.21W + 314.9 
Age 6 to 10 years F = 0.18W + 361.2 


where F is the yearly fat production for any live weight W. 
These equations indicate that at a constant age there is an in- 


TABLE 4 
Relation between weight and fat production at constant age 


Age, 5 to 6 years 


EQUATION® 
pounds pounds pounds 
725 2 467.2 | 412.5 
775 3 477.7 | 479.2 
825 4 488.2 | 481.3 
875 7 498.7 | 508.9 
925 28 509.2 | 511.6+ 9.45 | 74.25 + 6.69| 14.51 +1.29 
975 26 519.7 | 512.5+10.05 | 75.96 + 7.10| 14.82 +1.33 
1,025 59 530.2 499.4+ 8.64| 98.44+ 6.19] 19.71 +1.22 
1,075 44 540.7 552.8 + 8.99 | 88.50+ 6.36] 16.08 +1.17 
1,125 57 551.2 | 539.34 8.88 | 99.344 6.28| 18.42 +1.17 
1,175 42 561.7 | 566.1 410.69 | 100.68 + 7.57| 17.78 41.29 
1,225 44 572.2 592.6 + 9.51 | 93.48 + 6.72/ 16.20 +1.18 
1,275 19 582.7 575.7 414.44 | 93.32 +10.21} 16.20 +1.80 
1,325 8 593.2 | 568.8 429.17 | 122.31 +20.62| 22.15 +3.88 
1,375 4 603.7 | 625.0 
1,425 4 614.2 | 662.5 
1,475 0 624.7 
1,525 1 635.2 687.5 
Total...| 352 


* Equation fitted by the method of least squares F = 314.9 + 0.21W where 
F is the yearly fat production (pounds) and W is live weight at the close of the 
lactation. 


crease of from 18 to 22 pounds yearly fat production for an in- 
crease of 100 pounds of weight. 

In this respect, the Jersey data were quite similar in that the 
average increase in fat production was about 20 pounds for each 
100 pounds increase in live weight. 
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This finding, as already pointed out (1) is of considerable 
economic importance in that at ordinary prices for butterfat, 20 
pounds is barely sufficient to cover the cost of maintenance of 100 
pounds of body weight per year. 

Returning again to the question of the relative importance of 
weight at a constant age and the other factors accompanying 


TABLE 5 


Relation between weight and fat production at constant age 


Age, 6 to 10 years 


EQUATION* 
pounds pounds pounds 
725 1 491.7 | 462.5 
775 1 500.7 437.5 
825 8 509.7 | 484.1 +22.98 | 96.37 416.25] 19.91 +3.32 
875 10 518.7 547.5 +21.22 | 99.50+15.01| 18.17 +2.802 
925 29 527.7 | 536.6+10.44| 83.324 7.38] 15.53 +1.36 
975 47 536.7 | 535.9+ 8.50 86.51 + 6.02] 14.37 +0.99 
1,025 63 545.7 | 537.9+ 7.72] 90.80+ 8.09] 16.88 +0.99 
1,075 61 554.7 537.1 + 8.35] 96.65 + 8.79] 17.99 +1.07 
1,125 92 563.7 | 554.34 6.84 | 97.24+ 4.84] 17.54 +0.87 
1,175 60 572.7 574.2 + 8.12 | 93.264 5.74) 16.24+1.01 
1,225 65 581.7 | 605.6 + 9.09 | 108.62 + 6.43] 17.94+1.03 
1,275 28 590.7 | 585.9 414.07 | 110.40 + 9.95| 18.84 +1.67 
1,325 18 599.7 | 504.4 +20.47 | 128.78 +14.48| 21.66 +2.37 
1,375 9 608.7 609.7 +23.01 | 102.36 +16.27| 16.79 +2.61 
1,425 4 617.7 562.4 +38.35 | 113.71 +27.12) 20.22 +4.95 
1,475 2 626.7 437.5 
1,525 2 635.7 525.0 
Total...| 500 


* Equation fitted by the method of least squares F = 361.2 + 0.18W where 
F is the yearly fat production (pounds) and W is live weight at the close of the 
lactation. 


age, such as recurring pregnancies which may have an influence 
on yearly fat production. From figure 1, it will be noted that 
the total increase in fat production was 77 pounds per 100 pounds 
increase in live weight, while in figures 2 and 3 at constant age, 
the average increase in fat production is only 20 pounds per 100 
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pounds increase in live weight. From these figures it would 
appear that about 25 per cent (#%) of the total increase of fat 
secretion with age is due to the increase of the live weight of the 
animals concerned. The other 75 per cent of the increase in fat 
secretion with age would be ascribed to the development of the 
udder by recurring pregnancies, and other factors which might 
cause the glands to become more efficient. 

If we may assume that on the average, each successive yearly 
age class represents the recurrence of a pregnancy, a rough 
measure of the actual gland growth may be obtained, up until 
maturity is reached, when it is probable that further growth 


TABLE 6 
Increase in fat production due to weight changes and development of the mammary 
glands with age 

years pounds pounds pounds pounds 

2.5 410 

3.5 461 51 13.0 38.0 
4.5 491 30 7.5 22.5 
5.5 511 20 5.0 15.0 
6.5 521 10 2.5 7.5 
7.5 528 7 2.0 5.0 
118 30.0 88.0 


does not equal the loss due to the destruction and death of epi- 
thelial cells. 

The data in table 6 indicate that the development of the 
mammary glands during the first pregnancy is very great. 
Hammond (7) figures a series of udders which readily demonstrate 
the really tremendous growth and development which takes 
place during the first pregnancy in heifers. The total increase in 
fat production above the two years old production is 118 pounds 
of fat, or 28.8 per cent. Of this, 88 pounds of fat or 21.5 per 
cent is thought to be due to changes with age (chiefly recurring 
pregnancies) aside from increase in live weight, and only 30 
pounds or 7.3 per cent of the increase in fat due to weight. 
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The table shows further that the second pregnancy causes only 
a relatively slight increase in secreting tissue (sufficient to secrete 
38 extra pounds of butter fat) and a further decline with each 
succeeding pregnancy up to maturity. 

From a practical standpoint it would appear that the most 
rapid gland development and the most economical milk and fat 
production would result from early breeding and a rapid suc- 
cession of pregnancies. While this plan would not result in the 
greatest maximum yield during a single lactation, it is believed 
that it would result in the most economical life time production. 
Has not too much emphasis been placed upon the development 
of maximum size if the returns from the greater body weight 
barely pay for the increased cost of maintenance? 


TABLE 7 
Comparison of the correlation coefficient and correlation ratio 


COEFFICIENT RATIO OF 
FACTORS OF CORRELATION CORRELATION 
r 
0.316 +0.035 0.325 0.006 


Class interval: age 2.5 to 7 years inclusive by 0.5 years, weight 50 pounds, and 
fat production 25 pounds. 


THE CORRELATION BETWEEN AGE, WEIGHT AND FAT PRODUCTION 


To further check the accuracy of the observations just pre- 
sented, it was thought desirable to apply the method of partial 
correlation to the same data. It is a method which is especially 
suited to the problem at hand; that is, of determining the relation 
between two variables while holding the third variable constant. 

The following simple correlations were first computed, age- 
weight, age-fat, and weight-fat covering the age interval be- 
tween two and one-half to seven years. As is well known, the 
coefficient of correlation is only adapted for variables which are 
linearly related. As age-weight and age-fat have both been 
shown to bear an exponential relationship, justification for the 
application of the correlation method is required. It will be 
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noted from an inspection of the curves describing these relation- 
ships that over a considerable part of the curve a straight line 
would fit almost as well as the exponential curve. Thus, while 
this part could not be said to be linear, the degree of departure 
would not be great. 

A further test of linearity is the comparison of thecorrelation 
coefficient (r) with the correlation ratio (7). The two values will 
be identical when the regression is strictly linear, and will differ 
the more widely the greater the departure from linear form. The 
general test for linearity is (Zeta) = n? — r*. 

From table 7 it may be seen that over the age range included, 
no great error is involved in using the coefficient of correlation. 


THE PARTIAL CORRELATION 
The usual equation of partial correlation is as follows: 


Tia — Tis * T23 


Tiss 


Substituting the simple coefficients of correlation obtained above 
in this equation, the following partial correlations were obtained: 


Partial correlation of age, weight and fat production 


FACTORS CORRELATED | 


The partial correlation of weight and fat with age held constant 
is 0.249. This is slightly lower than the weighted average of the 
simple correlations for each age group shown in table 1 (0.263). 
The similarity of this correlation to the figure of 25 per cent 
ascribed to the influence of live weight on yearly fat production 
is taken as further confirmation of the accuracy of this relation. 


SUMMARY 


A study is reported showing the relation between age, live 
weight, and yearly fat production of over 2700 Guernsey cows. 
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As increase in yearly fat production and increase of body 
weight with age follow the same exponential course, it was shown 
that there was a direct relation between weight and fat production 
which could be represented by an equation of the first degree. 


Yearly fat production = 0.77 weight — 304.73 


This equation indicates that an increase of 100 pounds in live 
weight accompanying age there is an increase of 77 pounds of 
fat per year. 

However, when age was held constant there was an increase 
of only 20 pounds of fat for an increase of 100 pounds in weight. 

From these figures it is concluded that about 25 per cent (#4) 
of the total increase of fat secretion with age is due to the live 
weight of the animals concerned, whereas the other 75 per cent 
of the increase in fat secretion with age would be ascribed to the 
development of the udder by recurring pregnancies. 

The method of partial correlation was also applied. It was 
found that the partial correlation of weight and fat with age held 
constant was 0.249. The similarity of this correlation to the 
figure of 25 per cent ascribed to the influence of live weight on 
yearly fat production is taken as further confirmation of this 
relationship. 
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STUDIES ON THE NUTRITIVE VALUE OF MILK 


I. THE PRODUCTION OF NUTRITIONAL ANEMIA IN ALBINO 
RATS THROUGH EXCLUSIVE WHOLE MILK DIETS* 


W. E. KRAUSS 
Department of Dairying, Ohio Agricultural Experiment Station, Wooster, Ohio 


As one of the steps in a study of the food value of milk as 
affected by various rations, rats were fed exclusive whole milk 
diets. It was thought that a more accurate measure of the 
total nutritive effect, aside from reproduction, of milk from 
various sources could be obtained in this way, inasmuch as no 
foreign material whatsoever would be introduced. Furthermore, 
any influence that a basal ration might exert on the inherent 
properties of fluid milk would be eliminated. The work of Mat- 
till and co-workers (1) (2) (3), Daniels and Hutton (4), Mitchell 
and Schmidt (5), and Scott (6) showed that reproduction in rats 
was very unsatisfactory on diets consisting entirely of milk, 
milk and bread or milk and rice, young rarely being produced 
beyond the second generation, and that such young were ex- 
tremely anemic. Consequently the study was confined to growth 
and physical condition and no attempt was made to add anything 
to the milk diet that might overcome reproductive troubles. It 
was expected, owing to the low iron content of such a diet, that 
anemia would be encountered, but not until sufficient data had 
been obtained to measure the milk’s value for growth. 


PRELIMINARY WORK 


Nothing but milk from three groups of Holstein cows on widely 
different rations was fed to three respective groups of rats. With 
two exceptions, both in the same group, all the rats grew well 
for at least three weeks. Growth then slowed up, ceasing alto- 
gether after six weeks. The rats then maintained their weights 
for several more weeks, after which there was a rapid decline and 


* Received for publication August 4, 1928. 
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death. (In one group all the rats were dead at the end of four 
weeks. It is believed that some other factor, aside from the main 
one now under consideration, was responsible for this.) From 
the appearance of the rats in the period of decline it was assumed 
that severe anemia was present. This belief was reported in a 
paper read before the American Dairy Science Association in 
June, 1927. The eyes were very light pink with a yellowish 
tinge which gave the appearance of glassiness. The ears, tail 
and feet were colorless. Post mortem examination confirmed 
the external symptoms. All the internal organs were very pale, 
particularly the liver. In all cases the spleen was pathological 
to a greater or less extent. There was also considerable evidence 
of intestinal hemorrhage. These findings are similar to those 
reported by Brouwer (7), who fed exclusive milk diets to rabbits. 

Thinking that the nature of the ration fed the cows was a con- 
tributing factor in this work, another group of rats was fed noth- 
ing but mixed milk from the entire Station herd of Holsteins and 
Jerseys. The results were practically the same. Evidently milk 
from a general source was also unable in itself to support growth 
or prevent death. 

Hemoglobin determinations made at this point, August, 1927, 
showed that the blood of rats that had been on exclusive milk 
diets for eleven weeks contained between 2 and 3 grams of hemo- 
globin per 100 cc., whereas that of normal rats from the stock 
colony contained from 15 to 16.5 grams per 100 cc. This proved 
beyond question that a severe anemia existed and suggested that 
this was a limiting factor in growth studies on exclusive milk 
diets. It also presented the possibility of obtaining anemic rats 
quickly without resorting to special breeding on diets low in iron, 
as suggested by other workers. 

In order to attain the ultimate object set it became necessary 
to eliminate the factor of anemia through supplementary feeding 
without materially affecting the original chemical or physical 
properties of the milk diet. Using the procedure described below, 
the effect on nutritional anemia of a large number of substances, 
including the usual constituents of basal rations and various iron 
salts, was studied. While the results of this work will be pre- 
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sented in a subsequent paper, it will be of interest to mention 
that of all the substances tried, the only real success in combating 
the disease was attained through the use of a specially prepared 
yeast, hog liver, or solutions of iron and copperfed simultaneously. 


PROCEDURE 


Weanling rats twenty-four to twenty-eight days of age (weigh- 
ing from 48 to 52 grams as a rule) were moved to cages provided 
with screen bottoms. At first four rats, two males and two 
females, were placed in each cage. This was satisfactory when 
milk ad lib. was fed and it was desired to produce anemia, or for 
preliminary work on supplementary feeding, but when accurate 
additions to the milk were made segregation as individuals was 
essential. As the object of this study was to prevent anemia 
from developing, the substance to be tested was added from the 
beginning in most cases. Control groups received no addenda, 
except in some cases after severe anemia had developed when it 
was desired to test the corrective possibilities of some substance. 
In such cases the hemoglobin content was allowed to drop to 
between 1.38 and 2.07 grams per 100 cc. of blood before adding 
the substance under consideration. This afforded a very rigid 
test of hemoglobin-forming power. After the animals were six 
weeks of age hemoglobin determinations were made weekly on a 
different representative of each group. A small piece was cut 
off the end of the tail with a razor and a freely-flowing drop of 
blood was transferred by capillarity to the pipette of a Dare 
hemoglobinometer in which the percentage of hemoglobin was de- 
termined. The blood flow was stopped by applying a solution of 
silver nitrate and alum powder. No difficulty in obtaining a 
suitable sample was encountered. The rat was held by an as- 
sistant while the operator cut the tail, made the blood transfer 
and read the hemoglobinometer. Three readings were made of 
each sample, the average being taken for record. It was found 
unnecessary to apply warm water to the tails to stimulate blood 
flow. In very stubborn cases gentle stroking of the tail produced 
the desired result. 

The milk was fed in glass beakers and the amount consumed 
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estimated as accurately as possible. It was found that when the 
appetite was not impaired the per capita daily consumption at 
two months of age was about 50 cc. When continued at this 
level good growth was possible provided the milk was suitably 
supplemented. Milk was fed twice a day, the supplement being 
added to the afternoon feeding (six times a week), at which time 
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Fie. 1. Seowine GrowtH Curves AND HEMOGLOBIN VALUES ON AN EXCLUSIVE 
Wuote Mitx Diet 


The first point on the hemoglobin curves in each case represents the average 
value for weanling rats from normal females. 


a small enough quantity was fed to insure complete consumption. 
In order to eliminate the factors of breed and environment the 
milk used was from Holstein cows kept under winter feeding con- 
ditions constantly and receiving a normal dairy ration of alfalfa 
hay, corn silage, corn, oats, bran and oilmeal. 

While the number of determinations made was quite small, 
there was no indication that our weanling rats were anemic. 
However, their hemoglobin index (from 10.33 to 11.02) was 
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lower than it becomes after a very short time on the stock ration! 
(from 15.15 to 16.02). Determinations made on females of the 
stock colony from time to time have shown not the slightest 
indication of anemia among the colony. 

In view of the fact that Waddell, Steenbock, Elvehjem and 
Hart (8) have recently reported a similar technique, a chart 
showing the growth curves and hemoglobin picture of several 
characteristic individuals on an exclusive whole milk diet is 
presented. It will be seen that this agrees entirely with the 
findings of the above-mentioned workers. 

As indicated on the chart, the size of the animal when placed 
on the exclusive milk diet influenced the subsequent degree of 
growth and the rate at which the hemoglobin decreased. This 
has been found to be true generally. It is believed that when 
dealing with closely inbred stock the food consumption is as im- 
portant as heredity in determining size. Hence, in the case of 
weanling rats of the same age, the larger ones have a greater iron 
reserve than the others. To insure the development of severe 
anemia in a short time rats should be transferred to the whole 
milk diet as soon after they have reached the stage when they 
start to consume some of the mother’s ration as their weight 
permits. 


SUMMARY 


A procedure is described whereby studies in nutritional anemia 
may be made by using weanling rats from normal females. The 
method involves the use of an exclusive whole milk diet which 
brings about severe anemia in from four to six weeks. By supple- 
menting the milk after the development of anemia, or from the 
beginning, and making regular hemoglobin determinations, the 
preventive or curative power of the substance under test can 
readily be determined. The results obtained agree closely with 
those recently reported by Waddell, et al. (8). 


1 Yellow cornmeal 67, oilmeal 12, casein 16, alfalfa meal 3, salt 1, calcium 
carbonate 1, milk ad libitum. 
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THE RELATIONS OF TEMPERATURE AND TIME OF 
FOREWARMING OF MILK TO THE HEAT STABILITY 
OF ITS EVAPORATED PRODUCT* 


E. F. DEYSHER, B. H. WEBB anp GEORGE E. HOLM 


Research Laboratories, Bureau of Dairy Industry, United States Department of 
Agriculture 


It has been long known that heating a milk to boiling tempera- 
ture prior to its evaporation markedly increases the heat stability 
of its evaporated product. Little is known, however, concerning 
the effect of temperatures other than those at or near the boiling 
point. 

In a former publication (1) it has been shown that variations in 
the temperature of forewarming have little effect upon the heat 
stability of milks of normal solids concentration. Increases in 
the concentration of milk fat varied the stability but slightly 
except in cases wherein homogenization was used. In the latter 
cases various temperatures of forewarming were found to vary 
considerably the time of coagulation of the product. It had 
previously been noted that the variations in the stability of evapo- 
rated milks prepared from milks forewarmed to different tempera- 
tures were in some respects analogous to those obtained with 
normal milks of high fat content heated to similar temperatures 
and homogenized at various pressures. 


EXPERIMENTAL 


To determine the effect upon the stability to heat of increasing 
the solids-not-fat and fat contents of milk several milks of the 
following concentrations of solids were used: 


(a) 9 per cent solids-not-fat 

(b) 9 per cent solids-not-fat + 8 per cent milk fat 
(c) 18 per cent solids-not-fat 

(d) 18 per cent solids-not-fat + 8 per cent milk fat 


* Received for publication August 1, 1928. 
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The time of coagulation of these samples at 120°C. was deter- 
mined, and the averages of the results obtained are plotted in 
figure 1. 

In view of the considerably greater susceptibility to coagulate 
of a milk of 18 per cent solids-not-fat content when sterilized at a 
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Fig. 1. Tae REeLaTIoNsHIP oF THE Heat STaBILity OF MILKS OF DIFFERENT 
Sotrips CoNCENTRATIONS AND FoREWARMED AT DIFFERENT TEMPERATURES 


temperature of 120°C. than of a milk of 9 per cent solids-not-fat 
concentration (1), the variations noted for the former product 
are significant. The results are also striking in that with the 
milks containing 18 per cent solids-not-fat there is a range of 
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variation of almost 100 per cent in the time of coagulation, when 
the forewarming temperature ranges from 70° to 95°C. 
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Fig. 3. Tae Errect or Dirrerent ForEwARMING TEMPERATURES (TEN 
MINUTES) UPON THE Heat SraBILiTy OF THREE EVAPORATED Sxrm MILKS 
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With creams, increased pressures of homogenization vary the 
time of coagulation to a marked degree (1). The lowered heat 
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stability due to increased homogenization pressures, is also 
dependent upon the fat content, but becomes very slight for 
products containing less than 10 per cent milk fat. Experiments 
with several samples of an evaporated product containing 18 
per cent solids-not-fat and 8 per cent milk fat show that increased 
homogenization pressure produces but slight effect upon the heat 
coagulation of the milk. Each sample remained nearly constant, 
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Fic. 4. Tae Errect or DirFerENT TEMPERATURES OF FOREWARMING UPON THE 
Heat Srasitity or Evaporatep MILK (18 Per Cent SoLips-NOT-FAT AND 
8 Per Cent Fart) 


in this respect, at a level determined by the forewarming treat- 
ment of the milk used. Figure 2 graphically represents the data 
obtained. 

The variations in the time of coagulation of evaporated prod- 
ucts from milks forewarmed at different temperatures, indicated 
in figure 1, were sufficiently great to warrant closer study. Sam- 
ples of a number of skim milks were forewarmed at 65°, 75°, 
85°, and 95°C. for ten minutes, evaporated to 18 per cent solids- 
not-fat content, and the time of coagulation at 120°C. deter- 
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mined. Additional samples of one of the milks were forewarmed 
at 100°, and at 110°, and 120°C. under pressure for ten minutes 
and treated similarly. The results of some of these experi- 
ments are plotted in figure 3. 

Although the presence of 8 per cent of milk fat, distributed in a 
form normal to milk, has little effect upon the stability to heat, 
it varies the magnitude of the changes noted for different fore- 
warming temperatures in the samples containing no milk fat. 
The general nature of the variations is, however, the same. 

Typical heat stability curves for evaporated whole milk are 
shown in figure 4. 


TABLE 1 
The effect of variations in the temperature of forewarming upon the time of coagulation 
of the evaporated product 


SAMPLE WOMBER "POREWARMING. 

"Cc. minutes minutes 

1 95 10 40 
110 10 43 
120 10 41 

2 95 10 25 
100 10 
110 10 37+ 

3 95 10 40 
105 10 58 


The results given indicate that temperatures of forewarming 
greater than those ordinarily used in the industry are beneficial in 
further stabilizing the resulting evaporated product. 

In table 1 are given the results obtained with several samples 
of herd milk. These results also indicate that increases in the 
temperature of forewarming increase the heat stability of the 
evaporated product. It should be stated, however, that this is 
true only when the milk used is of excellent quality. With 
poorer grades of milk the heat applied in forewarming is additive 
to that of sterilization and hence shortens the time of coagulation. 

The magnitude of increased stability with increases in fore- 
warming temperatures, (applied for ten minutes) has been shown 
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in figure 3. An increase in the heat treatment during forewarm- 
ing may also be accomplished by a variation in the time factor. 
In table 2 is shown the time of coagulation of samples of an 
evaporated milk heated to 95°C. for varying periods of time. 

With these particular milk samples long periods of forewarming 
at 95°C. were beneficial to the stability of the evaporated product 
to heat. Samples of milk of poorer quality, when forewarmed 
for periods longer than fifteen minutes, decreased in their heat 
stability. 

Though an increase in the degree of heating does to a certain 
extent increase the stability of the evaporated product, the effect 


TABLE 2 
The effect of variations in the time of forewarning upon the time of coagulation 
of the evaporated product 


SAMPLE NUMBER TIME or 

°C. minutes minutes 

1 95 10 27 
95 15 29 
95 20 31 
95 25 33 

2 95 10 40 
95 20 52 
95 30 49 


of this added treatment upon its body must be taken into account. 
Forewarming milk at high temperatures for extended periods of 
time decreases the body of the product and is, therefore, not prac- 
ticable commercially. 

The data given in figure 3 indicate a gradual increase in stability 
with increases in temperatures of forewarming above 75°C. In 
a majority of the samples used, however, an interesting phenome- 
non was encountered; namely, heating at 90°C. for ten minutes 
prior to their evaporation produced evaporated products of 
greater stability than did heating at 95°C. for the same interval 
of time. Temperatures greater than 95°C. were as a rule found 
to be more beneficial to stability than was 95°C. A few of these 
results are given in figure 5. 
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The results given in this figure indicate also that only the milks 
of good quality are improved in heat stability when forewarmed 
at the higher temperatures. 
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Fig. 5. Tae Errect or ForEwARMING aT 90°, 95°, anp 100°C. (Ten MINUTES) 
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BODY OF EVAPORATED MILKS 


Although stability to heat is the prime factor to be considered 
in the manufacture of evaporated milks, it is necessary that the 
body of the finished product be of a creamy consistency. 

The thickening during sterilization is a part of the coagulation 
process and is of relatively short duration. All milks do not, 
however, attain the same body before visible curd formation 
begins. The body attained depends largely upon the quality of 
the milk although it may vary considerably with variations in 
the forewarming treatment. Preliminary experiments indicate 
that the relationship between the consistency attainable before 
coagulation begins and the stability to heat are of a reciprocal 
nature. In other words, although the milks forewarmed to 65° 
to 70°C. produced evaporated products of low stability they 
produced evaporated products of the greatest relative consistency. 

Those milks which produced evaporated products of greatest 
stability when forewarmed to 105°C. for ten minutes also pro- 
duced products of the lowest relative consistency at the time of 
coagulation. It is obvious, therefore, that milks of exceedingly 
great stability to heat are not the most desirable from the stand- 
point of production of body. 

The data obtained during this work are in accordance with the 
results obtained by Grinrod (3), who subjected the milk to the 
‘fmpact process” of sterilization and found that milk heated to 
110°C. for one minute possessed greater heat stability than did 
milk forewarmed at the ordinarily lower temperatures used com- 
mercially. The resulting evaporated milk possessed, however, a 
very fluid and undesirable body. 


DISCUSSION 


The data presented indicate that the heat stability of an 
evaporated milk is dependent upon several variable factors, the 
most important of which is the temperature of forewarming. The 
process of homogenization affects stability to a lesser degree. 
Variations in the solids-not-fat content or in the milk fat content 
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have marked effects upon the magnitude of the changes brought 
about by forewarming and homogenization. Homogenization 
of a milk containing 8 per cent fat produces a distinct change in 
the heat stability at the various forewarming temperatures. The 
effect of increasing the solids-not-fat content, while it lowers the 
stability, does not markedly change the form of the characteristic 
stability curve obtained when homogenization is used. 

The chief difference noted between the heat stability curves 
of an unevaporated homogenized milk of 8 per cent fat content 
and of an evaporated milk, is that their points of minimum sta- 
bility occur at different temperatures of forewarming. (See 
figure 1.) 

Homogenization causes lowest stability at a forewarming 
temperature of 60° to 65°C. Increases of solids-not-fat to 18 
per cent produce a minimum stability of unhomogenized milks 
when a forewarming temperature of 70° to 75°C. is used. 

Ionic equilibria are intimately connected with the stability of 
colloid solutions. Sommer and Hart (4) believe that the heat 
stability of milk is dependent upon the ratio of the amount of 
calcium and magnesium to that of the phosphates and citrates, 
or the “salt balance.” Though this may hold true for milks 
which have not been forewarmed, concentrated or homogenized, 
the effect of the redistribution of phases must be considered in 
evaporated products. A normal milk of 8 per cent fat content 
shows slight variations in heat stability resulting from different 
forewarming temperatures (figure 1), while the same milk when 
homogenized shows the same general variations in heat stability 
as does its evaporated unhomogenized product. 

No explanation is offered for the peculiar effect of homogeniza- 
tion on the heat stability of a milk of high fat content forewarmed 
at different temperatures. As already suggested in the case of 
homogenized cream there may be a variation in potential upon 
the fat globules, resulting in increased susceptibility to coagula- 
tion. In order to attempt an explanation of the effect of concen- 
tration upon heat stability more data upon the equilibria involved 
are necessary than are now available. 
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SUMMARY 


Variations in the heat treatment of a milk affect greatly the 
heat stability of the evaporated product. Temperatures up to 
70°C., applied for ten minutes decrease the stability, while higher 
temperatures markedly increase it. Higher temperatures and 
a longer heating period than those generally used further stabilizes 
the product to heat. This treatment is objectionable, however, 
in that the body of the resulting product is affected adversely. 

Homogenization of an evaporated milk containing 18 per cent 
solids-not-fat and 8 per cent fat at pressures up to 4000 pounds 
per square inch affects its heat stability but slightly. 
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THE NUTRITIONAL VALUE OF COPPER IN POWDERED 
WHOLE MILK* 


R. W. TITUS anv J. S. HUGHES 
Department of Chemisiry, Kansas State Agricultural College, Manhattan, Kansas 


Much has been written on the deleterious effect of copper on 
the nutritional value, flavor, and keeping quality of condensed 
and powdered milk. Manufacturers have even taken steps to 
substitute other material for copper in the construction of vacuum 
pans. 

Researches of Supplee and Bellis (1), Quam and Hellwig (2) 
and others have demonstrated the presence of small amounts of 
copper in normal milk while Hart and co-workers (3) have shown 
very conclusively that the quantity of copper in normal milk 
when fed with pure iron, is too small for normal growth and 
hemoglobin production. However, if small amounts of copper 
are added to a milk-iron diet, rats respond by increased growth 
and hemoglobin generation. 

Rice and Miscall (4) and Rice (5) have shown that copper 
is dissolved from the vacuum pan during the condensing process 
in the manufacture of condensed and powdered milk, thus in- 
creasing the quantity of copper in these products to an abnormal 
amount. Hess and Unger (6) suggest that traces of copper may 
act as a catalyzer causing destruction of the antiscorbutic vita- 
min in the product. 

Experiments in our laboratory have shown that rats grow and 
form hemoglobin normally when fed iron plus whole milk powder 
which has had its copper content increased by condensation in a 
copper vacuum pan. Rats given whole milk powder without the 
iron fail to grow and rapidly become anemic. 


EXPERIMENTAL 


The young rats used in this work were started on experiment 
at weaning time when twenty-five to twenty-seven days of age. 


* Received for publication August 20, 1928. Contribution No. 143. Depart- 
ment of Chemistry. 
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The mothers had been fed a stock ration consisting of whole 
wheat and milk powder. 
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Fic. 1. Stowrne GrowTH AND HEMOGLOBIN CURVES FoR Rats ON WHOLE MILK 
PowpER AND WHOLE MILK Iron 


The whole milk powder contained increased amounts of copper due to the 
solvent action of the milk on the copper vacuum pan. 


The animals were ear-marked and placed in individual cages 
on screens, distilled water was used in mixing the dried milk and 
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porcelain mortars were used for the food receptacles. Each ani- 
mal was weighed and hemoglobin determinations made weekly. 
One drop of cod liver oil per day was given each rat in order to 
insure a sufficient amount of vitamins A and D in the ration. 

Figure 1 shows growth curves and grams of hemoglobin per 
100 cc. of blood on four animals receiving powdered whole milk 
and on five animals receiving powdered whole milk plus iron. 
The animals receiving only the powdered whole milk failed to 
grow and rapidly became anemic while the animals receiving the 
whole milk powder plus the iron showed good growth and hemo- 
globin production throughout the experimental period of ten 
weeks. 

The iron used was a special Mallinckrodt iron wire for ‘“‘stand- 
ardization.”” The iron was dissolved in HCl, then treated with 
H.S, under pressure for about twelve hours, in order to remove 
any trace of copper which might be present. The powdered 
milk contained about 0.0006 per cent copper as determined by the 
Biazzo method (7). Each rat when two months of age consumed 
about 8 grams of the milk powder, giving it an equivalent of 
approximately 0.05 mgm. of copper daily. Hart (3) found the 
optimum amount of copper per rat per day to be about 0.05 mgm. 


CONCLUSIONS 


1. Increased copper content of whole milk powder, due to the 
solvent action of the milk on the copper vacuum pan, instead 
of being altogether detrimental, may be beneficial. 

2. Rats, fed a whole milk powder plus 0.5 mgm. iron showed 
excellent growth and hemoglobin production throughout an 
experimental period of ten weeks. 

3. This experimental work suggests a possible value of pow- 
dered whole milk in infant feeding, however, no experimental 
work with copper on human subjects has as yet been reported. 
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THE DAIRY EXPOSITIONS 


were a revelation of new methods and processes. 


Hundreds of displays exhibited the most modern 
equipment designed to manufacture dairy products 


carefully, quickly, and economically. 


Everywhere one saw the need of cleanliness 
emphasized, such cleanliness as the use of 


has for over a quarter of a century guaranteed to 
the manufacture of milk products. 


It is a privilege to have served for so long a time 
an industry so vast and essential as the great 
dairy industry. 


Ask your supply man for 
“WYANDOTTE” 


THE J. B. Forpj Company Sole Mfrs. Wyandotte, Michigan 


Your advertisement is being read in every State and in 25 Foreign Countries 


J CLL A: 

Cleaner and Cleanse’ 
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Walter H. Eddy’s 
NUTRITION 


R. EDDY’S work at Columbia on food factors is too well known 
to require any introduction to the scientific world. 
In NUTRITION, he has written for the public at large, presenting 
a readable summary of the investigations of the food chemist. 
Which means that this is a book for anyone who eats. Fewcan 
afford experts to select food for them. NUTRITION tells how one 
may select it for himself. It gives both the whats and the whys. 
Incidentally it is an excellent antidote for food faddism and “‘special 
diets." Buy your food at the market or the grocery, not at the drug 
store is the tenor of the advice. 

In two parts; the first deals with General Food Requirements, the 
second with Vitamin Requirements. Here are some of the discussions: 
When is a Food Complete (from viewpoint of energy value, 
nutrient quality, vitamin content, digestibility and palat- 

ability). 

Calorie Needs and Metabolism 

Protein Requirement and What is Meant by Protein Quality 
How Much Fat and Carbohydrate to Eat 
Inorganic Nutrients, Why We Need Them 
What Digestibility Means 

What Vitamins Are 

How Vitamin Value is Determined 
Testing Vitamin Content 

How Cooking Affects Vitamins 

How Vitamins Function in the Body 
How to Select Vitamins 


Price $2.50 


THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 
BALTIMORE, U. S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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MARSCHALL 
RENNET and COLOR 


STRONG 
PURE 


Made in the largest and best equipped 
Rennet factory in America! 


THE MARSCHALL DAIRY LABORATORY 


MADISON. WISCONSIN 


FOGS AND CLOUDS 


By 
J. HumpHreys 


Presents a complete introduction 
to lore of the heavens in text and 
illustrations. With more than 90 
cloud and fog scapes. 


$4.00 


THE WILLIAMS & WILKINS CO. 
BALTIMORE, U. S. A. 


Theses - Problems 


The college trained staff of this organi- 
zation gladly furnishes data and in- 
formation for theses and problems. 


Why not include this service in your 
plans for the present academic year? 


The American Guernsey 
Cattle Club 
5 Grove Street Peterboro, N. H. 


Your advertisement is being read in every State and in 25 Foreign Countries 


The practical 
accomplishment 


of 
a cardinal 


principle 


YOU CANNOT 
STERILIZE 


a 10 gallon milk can even if exposed 3 
minutes with steam at 25 pounds pressure 
through a } inch steam jet. 

'85% of the bacteria content of milk is 
due to its contact with non-sterile utensils 
and containers at the farm. CANS are 
the worst offenders. A simple rinse 
the B-K Way just before using will 
eliminate bacteria that veneers the inte- 
rior surfaces. 

The greatest source of contamination in 
milk and its products is contact with 
non-sterile utensils, equipment and con- 
tainers at the farm. Under the stand- 
ardized B-K Way of chemical sterili- 
zation, the surfaces of all utensils and 
apparatus are first thoroughly washed, 
then completely sterilized chemically 
in one of 3 ways according to their size, 
character, and location, namely; (a) the 
B-K spraying method; (b) the flowi 
method; (c) the rinsing method. Specia 
charts in every package tell when, where 
and how to use. 

The B-K Plan provides the simplest, 
most economical and most effective 
method of sterilization. It is quicker, 
easier to use and far more efficient than 
steam, and costs a great deal less. It 
saves time, labor and fuel. It avoids 
that wet steam fog which soils walls and 
apparatus and is injurious to operator’s 
health. 

Write us for actual results and economy 
accomplished in milk plants and on farms 
using our B-K Plan ot Sanitation. 


GENERAL LABORATORIES 


800 Dickinson Street 
MADISON, WIS. 
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Positively Controlled Milk Heating 


THE PRECISION MILK HEATER 


Se in sizes to handle 9000, 12000 and 15000 pounds per hour. S 
The heater that prevents overheating, yet heats to desired Marit 


jaw development and introduction of the Precision Milk Heater by CP 
engineers has brought laboratory accuracy to commercial milk pasteurizing 
apparatus. Close regulation of temperature within the narrow limits of efficient 
pasteurization is absolute. A total temperature variation of less than one degree 
Fahrenheit is easily possible. 

Regardless of quantity, all the milk receives the desired treatment uniformly. 
“Baking on” is impossible due to low temperature heating medium and perfect 
control of temperature. 

The Precision Milk Heater is adaptable to any approved type of continuous 
holder system. It has ample reserve capacity, making preheaters and forewarmers 
unnecessary. 

The Precision is built simply, since its principle isa simple one. It is a true repre- 
sentative of CP fine quality and workmanship. All surfaces are easily cleaned 
within a few minutes after the last milk has passed through. Several standard 
sizes are offered, meeting practically every plant requirement. Special sizes are 
available for unusual conditions. 

Full particulars will be gladly sent to anyone interested in positively controlled 
heating and pasteurizing apparatus. No obligation. 


The Creamery Package Mfg. Company 
1244 W. Washington Blvd. 
Chicago, Illinois 


Sales Branches in Principal Cities 


Your advertisement is being read in every State and in 25 Foreign Countries 


4 
12 
— 
| 
| 
| 
| 
| 
} 
| 
| 
| 
| 
| 
| 


| Milk Demand Encreasins 
‘demand is: this. true in the manufac- 
of footl products: for: human as bread; confections and ice 
cream, where flavor,;,solubility aud uniformity: thepowder ansimportant factor. 
Many recent improvements in roll drying methods: been in the 
Dry Maik Machine 
ot at ae advantiges-and ‘profit possibilities of this 
resharkable machine. machine. We have ed descriptive 
ENGINE: RS 
West Chicago, Ti: 
Gales Branch<«: 
Me. Columbus, Ohio 
New (Mt; Vernon), 8. Y. 
London, W.C. 2, Enciand 


WILLIAM. & WHLEINS: COMPANY 


| 
AND THEIR. USES | 


N CHOPRA, School Mediciee and Hygiene 
te ASA C. CHANDLER, Rice Institute, Houston, Texas 


_pharmacologital ‘and helminthological points:of‘ view; bringing together a creat 
authors’ own experience and experiment: 
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“The making of New Year resolutions with many people 
reminds me of the average marriage contract. 
woman promises to obey—the man promises to 


BACTERIOLOGICAL. EXAMINATION OF MILK 


Bacto-Beef Extract 


Yields a spackling solution with a reaction of: approximately when 
concentration. Approved for use in “Standard 


Bacto-Peptone 
A 7.0 when usedin the usual concen- 
— ture media. Recommended for use “Gtandard Methods of Milk-Analysis 
Bacto-Agar 


spores granularform. Extraneous foreiga matter has bees bees removed. Con- 
b 


Specify “DIFCO” 


THE TRADE NAMB OP THE PIONEERS. 
In the research and development of Bacwe-Paptone and Debydrated Calture Media 


FERMENTS COMPANY 
DETROIT, MIGHIGAN, U.S.A. 


been eliminated, Yields clear firm media when used with Bacto- 


3) 


minute she does a3 she pleases while he spends his 
money on red neckties and silk socks.’’ 
ee ie, We do not atk you to make any resolations, but we do ask you to consult your Ree oa 
own best interest by using 
wrappets, the wrappers that have made’us thousands of business friends. 
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